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OCCUPATIONAL DISEASES OF THE LUNGS 


A. J. LANZA, M.D., New York 


On behalf of the Institute of Industrial 
Medicine, may | express my appreciation of 
the opportunity to participate in this rather 
unique meeting? May I also express my ad- 
miration for the work which Dr. Marble and 
his associates in the Massachusetts Medical 
Society have done in achieving the turn- 
out that we see here today ? 

Research 
goes on and clinical knowledge progresses, 


Industrial medicine is not static. 


so that all of us continue to learn more and 
more. That being the case, it does not be- 
hoove any of us to be too dogmatic. \We must 
learn to adapt our thinking to the changes in 
our knowledge and, if necessary, to change 
our minds. When I was a boy, they used to 
have a saying, “It was only a wooden Indian 
and a certain kind of wouldn't 
change his mind.” And occasionally we have 
to make up our minds that we have to change 
our minds, 


fool who 


This matter of occupational diseases of the 
lungs is not a simple one. It is very com- 
plicated and, as in all chronic diseases, pre- 
sents a number of variables, the effect of 
which we have not always learned how to 
evaluate. We have learned a good deal about 
silicosis. We have learned something about 
asbestosis. Those are the two main forms 
of pneumoconiosis which cause disability and 
sometimes death. At the same time we must 

Chairman, Institute of Industrial Medicine, New 
York University—Post-Graduate Medical School. 
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always remember that in spite of the enor- 
mous amount of research that has been done 
in most of the civilized countries of the world 
on the subject of silicosis—almost enough 
to fill an ordinary library—we still do not 
know what is the nature of the action of the 
Nor 
do we know why it is that the silicotic is more 
susceptible than the normal person to tuber- 
culosis. 


silica particle upon pulmonary tissue. 


Likewise, for instance, in asbestosis we do 
not know what is the nature of the action of 
the asbestos particle upon the pulmonary 
tissue. The late Dr. Gardner propounded 
the theory that, contrary to the action of 
silica, the action of asbestos was largely me- 
chanical. That On the other 
hand, it is only fair to state that there is a 
considerable body of opinion that does not 


may be so. 


go along with that. Diagnosis is not always 
too easy and calls for all the skill that we can 
muster with respect to getting a careful occu- 
pational history, as well as the clinical and 
roentgenological evidence that may be avail- 
able. It is incumbent upon us to be very care- 
ful and very precise in our use of terms. All 
too commonly people are apt to use these 
various terms signifying different types of 
pneumoconiosis as interchangeable, which is 
not correct. These different types of 
pneumoconiosis, like silicosis and asbestosis 
and siderosis, are different diseases; and if 
there is any sloppiness in our use of terms, 
we only confuse ourselves and make the mat- 
ter of diagnosis and the just treatment of the 
individual worker who may be claiming com- 
pensation difficult. 

While it is true that we have a fair knowl- 
edge of the action of silica particles and as- 
hestos particles upon the pulmonary tissue 
as far as the pathology is concerned, we must 
always remember that these dusts may not, 
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under factory or manufacturing conditions, 
occur as pure homogeneous particles, because 
there are often other dust particles among 
them. As pointed out years ago in researches 
at Saranac, these other dusts present along 
with silica modify the action of the silica par- 
ticles. So we have to approach this whole 
subject with a considerable degree of humil- 
ity, because there is so very much concerning 
these diseases about which we know very lit- 
tle. Our only hope here lies in the progress 
in the type of work that you will hear de- 
scribed later in the afternoon by Dr. Wright. 

The pathologists and physiologists are the 
only ones who hold the key that may unlock 
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the door to further knowledge of what really 
goes on in the lungs of persons who breathe 
the various kinds of dust that we find in our 
working places. So far our estimation of this 
disability consists mostly of rule-of-thumb 
methods, and if they can be combined with a 
certain amount of common sense, we hope 
that the standards of dealing with claimants 
for disability may be of a moderately high 
order. 


Again let me emphasize that there is a 
great deal of work to do. There is a great 
deal of knowledge that we do not have. You 
will hear much more on that from our dis- 
tinguished speakers this afternoon. 


P. athology of Aabestosis 


KENNETH M. LYNCH, M.D., Charleston, S. C. 


While the asbestos industry may date its 
beginnings back into antiquity and while the 
condition now known as asbestosis may have 
occurred through a long period of time, the 
industry as we know it is new, and the health 
hazard related to it is of recent knowledge. 
In fact, the term asbestosis was not entirely 
acceptable as recently as about 30 years ago, 
while up to that time any thought of ill effects 
of occupational exposure to asbestos dust 
tended to confuse the resulting disease with 
silicosis. Parenthetically, perhaps it is per- 
missible to express an opinion that before 
we have finished with the study of the class 
of pulmonary disease attending exposure to 
dust in industry the whole chapter will need 
to be revised. 

It is within the time of experience of some 
who are still concerned with the study of cer- 
tain unsolved problems in the subject that 
there has been established this distinct vari- 
ety of pneumoconiosis. During the same 
period, and probably largely because of dis- 
closure of the hazard, there have been im- 
provements by the industry to protect work- 
ers, so that, so far as my observations go, 
the atmospheric conditions in asbestos mills 
are greatly different from the conditions of 
30 or more years ago. Even though improve- 
ments have been made and although knowl- 
edge of the course of the disease has come 
largely from examination of workers whose 


President, Medical College of South Carolina. 


Read in the Symposium on Occupational Dis- 
eases of the Lungs, sponsored by the Massachusetts 
Medical Society in cooperation with the Institute 
of Industrial Medicine of the New York University 
—Post-Graduate Medical School, Boston, Oct. 28, 
1953. 


employment went back into the very dusty 
conditions of earlier times, it should not be 
assumed that the hazard has been eliminated. 
Harmful asbestosis is still occurring. 


Asbestosis is the product of the inhalation 
of asbestos dust in sufficient amount and dur- 
ing a sufficient period of time; but under 
working conditions, either now or formerly, 
there is no uniformity in degree of disease 
among workers, even under similar ex- 
Apparently some persons in a 
group working in the same environment will 
be severely affected, while others will be 
less affected, and some will escape harm, 
and this for reasons unknown. Furthermore, 
the time required for similar quantitative 
exposures to produce like grades of asbestosis 
apparently varies with individuals. 


posures. 


While in our efforts to establish protection 
of the health of industrial workers we have 
set up certain standards concerning atmos- 
pheric dust concentrations, these are of a 
general nature rather than specific, and may 
have given a false sense of security. The 
very dusty atmospheres surrounding the 
workers in this as well as in certain other 
industries under former conditions would 
certainly be more harmful than the relatively 
clean environment to be found in a present- 
day careful operation, but we may need to 
establish something more than merely the 
particle counting and measuring practices 
now in vogue if we shall have dependable 
safety controls. 

The particulate matter in asbestos-plant 
dust is composed of broken fibers of crystal- 
line silicates. When inhaled, most of it is 
expelled, but the quantity of fragments of 
lengths up to 100% or more that may reach 
the terminal respiratory units is remarkable. 
As compared with the material deposited in 
the lung in silicosis and in certain other con- 
ditions of occupational connection, this ma- 
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Fig. 1—Asbestosis bodies in sputum concentrate ; 
reduced from a photomicrograph. « 705. 


terial apparently exerts physical rather than 
chemical influence. At least it now appears 
that while free silica is in a crude sense chem- 
ically poisonous to living tissues when de- 
posited within them asbestos crystal frag- 
ments may traumatize living tissues by their 
physical qualities. Hence the present belief 
that it is the larger particles that do the dam- 
age here, as contrasted with the harmful ef- 
fects of the smaller particles in silicosis. 

It is fitting to that conception that, possibly 
by a protective mechanism, the asbestos frag- 
ment remaining in the lung becomes envel- 
oped by foreign-body giant cells and covered 
by a smooth coating, apparently of colloidal 


Fig. 2—Grade III fibrosis, with asbestosis bodies, 
phagocytes, and black granular pigment in reduced 
alveoli; reduced from a photomicrograph. x 2809. 
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nature and of tissue fluid or cell origin. This 
process transforms the naked asbestos crystal 
into a golden or brownish object of a variety 
of architectural shapes, called the asbestosis 
body. This characteristic body is formed in 
the alveolus of the lung. It may be found 
in the sputum of a subject with asbestosis, 
as a confirming diagnostic finding, and in the 
fluid extracted from the lung. Because of 
their comparatively few 
bodies, and only the smaller ones, may be 
transported in the lymphatic system to be 
deposited in lymphoid deposits within the 
lung, while still fewer reach the hilar or medi- 
astinal nodes. 


size, asbestosis 


The limitation of physical opportunity for 
entry of the asbestos fragment into and 
transportation by the draining lymphatics 
seems to explain another characteristic dif- 
ference between silicosis and asbestosis. The 
small free particles of silica readily penetrate 
the aveolar walls and lung tissues, aided or 
unaided by phagocytes, and are mainly de- 
posited in the lymphoid depots along the 
drainage system, thus setting up focal reac- 
tion and nodular 
whereas fragments stay mainly 
where they land in the alveoli, particularly 
in the vestibular areas of the lobules, so 
arousing a more uniformly distributed reac- 
tion and usually nonnodular or diffuse fi- 
brosis, although there is evidence that they 
may penetrate the tissues also. 


characteristic fibrosis, 


asbestos 


As alveoli 
become obliterated and the lung architecture 
becomes distorted, the asbestosis bodies be- 


come and 


embedded in fibrous patches 
masses, to remain of much the same appear- 
ance indefinitely, although in the older scars 
there appears to be some change in them and 
they may then absorb the basic-staining dyes. 

Just what composes the first part of the 
reaction to asbestos fragments deposited in 
alveoli is subject only to deduction at the 
present. If we assume the primary effect to 
be from physical injury (traumatism) of 
alveolar linings and septa, we may assume 
fluid accumulation. It may constitute the first 
or acute reaction, and that fits with the physi- 
cal evidence of increase of lung fluid that 


clinicians find in asbestos workers early in 
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Fig. 3.—Grade IV fibrosis of lung in asbestosis, with asbestosis bodies and granular material 


in alveolus and fibrous area. x 280. 


their exposure, even before there is evidence 
of fibrosis. It is also consistent with the early 
“ground-glass” changes in roentgenographic 
lung fields. 

As the condition progresses—ordinarily 
and 
while alveolar fluid may continue to accom- 


through years of continued exposure 


pany the giant cell and colloidal envelopment 
of the fragments of asbestos crystals as long 
as fresh deposition continues, permanent 
change in the form of fibrosis takes over and 
proceeds. This fibrosis 1s essentially the same 
as will occur from any relatively innocuous 
but irritating presence of solid foreign ma- 
terial located within living tissues. There is 
some evidence that it may be halted by re- 
moval from exposure to continued asbestos 
inhalation, but after its formation it cannot 
be expected to be reduced, and when it has 
reached a disabling grade the disability may 
he expected to be permanent. In the advanced 
stage it causes respiratory embarrassment 
and finally circulatory difficulties resulting 
in increased right heart burden. 

The gross condition of the lung, as seen 
in an autopsy service where asbestosis may 


be encountered, of course, varies with the 
grade of fibrosis. While that condition tends 
to be consistent with the degree and duration 
of exposure to the dust, the causative ex- 
posure and the resulting fibrosis do not al- 
ways agree. Merely the fact that a person 
has worked in an asbestos plant does not 
justify an assumption that he has acquired 
asbestosis of a clinical grade. 

In some of our cases the finding of small 
numbers of asbestosis bodies in the alveoli 


Fig. 4+—Advanced Grade IV 
erating hyaline fibrosis. 


oblit- 


asbestosis : 
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was merely incidental. The lung in such an 
instance exhibits nothing else of that con- 
nection. Usually the occupational story re- 
veals that the person worked in an asbestos 
plant perhaps even for several years but some 
time previously. Merely for recording pur- 
poses, we have designated the condition as 
Grade I. 

Grade II is also an incidental finding. It 
means an estimated thickening of alveolar 
walls and perivascular fibrosis, neither being 
remarkable, together with asbestosis bodies 
in alveoli and scattered through the fibrous 
framework. The lung of that grade may be 
somewhat coarsened in texture but may not 
appear grossly abnormal. 

Grade III is associated with definite respir- 
atory difficulty, but up to this phase appar- 
ently progress of the disease may be halted 
by removal from exposure, and the condition 
remains in status quo. It is not per se a fatal 
state. The anatomical grading is based upon 
autopsy examination when death has oc- 
curred for another reason. The lung in this 
case is of coarsely honeycomb fibrous tex- 
ture, nonelastic and distended. This quality 
is general, although not entirely uniform. 
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Particularly in the upper parts there are 
patches of distorting indefinite scarrings, and 
there is a grayish marbled cast on section. 
The pleura may be thickened and adhesions 
may be found, but in some instances it may 
be quite normal. 


Grade IV is the advanced phase which will 
terminate fatally on its own account if some 
other death-dealing condition does not inter- 
vene. The subject becomes increasingly, and 
finally absolutely, disabled in respiratory and 
circulatory functions. 


The lungs in this final phase are tough, 
coarse, inelastic, fixed in expansion, grayish 
marbled in appearance, and generally, but 
irregularly, in an extreme state of fibrous 
induration. Various distorting scarrings oc- 
cur, particularly in the upper parts. Although 
such scarrings are patchy rather than nodu- 
lar, they sometimes resemble, both grossly 
and microscopically, the lumps and nodules 
of silicosis. The pleura may be thick, even 
cartilaginous in toughness, and the cavity 
partly or entirely obliterated, but not inevita- 
bly. Inasmuch as pleural fibrosis is not in- 
variable, it appears that its occurrence is as 
a complication and not as a part of the pri- 
mary disease. 
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Koentgenologic Aspects of 


LEONARD J. BRISTOL, M.D., Trudeau, N. Y. 


A complete roentgenologic study of the 
chest should include fluoroscopic and roent- 
genographic examination. Both of these pro- 
cedures lend aid in evaluating the anatomy 
of the chest, some of the physiologic aspects 
of respiration, and the presence or absence 
of abnormal shadows. It is imperative that 
one be aware of variations seen in the healthy 
chest before an attempt at accurate interpre- 
tation is undertaken. The lack of under- 
standing of such variations and roentgeno- 
grams of poor quality are frequent causes 
of incorrect diagnosis. 


The normal lung structure is produced by 
the pulmonary artery and its branches, and 
these are visible from the hilum to the periph- 
ery. These branches divide and subdivide, 
forming finer and finer ramifications. The 
injection of a contrast medium into the pul- 
monary artery of a normal excised inflated 
lung will render an excellent illustration of 
how the massive contrast-filled vessels stand 
out sharply against the air-containing alveoli 
and bronchi (Fig. 1). 

In the conventional postero-anterior 
projection the branches of the pulmonary 
artery overlap one another and _ present 
a definite network-like pattern. In view- 
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Fig. 1. 
artery has been injected with iodized oil-U. S. P. 


Excised inflated lung. The pulmonary 


(Lipiodol). Pulmonary branches divide and sub- 
divide, forming the normal lung structure portrayed 
by a chest roentgenogram. 


ing a single chest roentgenogram there is 
much overlapping, and unless we are aware 
of what these “white shadows” represent, 
when they are linear or sometimes nodular 
in character, we may incorrectly diagnose 
them as indicating a lesion. The appearance 
of blood vessels in the frontal view varies 
greatly in normal persons. Usually the older 
the person the heavier the linear markings, 
possibly due to sclerotic changes in the pul- 
monary arteries. Bronchial asthma and fre- 
quent respiratory infections are also known 
to cause heavy linear shadows. The roent- 
genogram of the healthy chest presents not 
one pattern but a series of merging patterns 
covering a wide spectrum, ranging from that 
with very minimal fine markings to one with 
manifest coarse linear shadows. Therefore, 
without supportive clinical evidence an ap- 
parent increase in the vascular pattern per se 
can have little specificity in roentgenologic 
diagnosis of pulmonary disease. In all in- 
stances it is mandatory to evaluate the roent- 
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Fig. 2—The area enclosed within the silhouette 
of the thoracic cage at full expiration bears a rela- 
tionship to residual air, and the silhouette of the 
thoracic cage at full inspiration bears a relationship 
to the total volume of air within the lungs. 


egression Formula 134 cases 
%RA.= x Exp. insp. — 43.0146 


Standard Deviation of %R.A.= 4.6620.33 
Correlation Coefficient = .772 .02 
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Fig. 3.—Regression formula demonstrates excel- 
area expiration 
area inspiration 
and per cent residual air. Coefficient correlation is 
0.772, with a standard error of +0.02. 


lent correlation between ratio 


gen changes in relation to the clinical his- 
tory, physical findings, and laboratory data. 
Far too often this aspect of roentgenologic 
diagnosis is overlooked, and the outcome may 
be most embarrassing. 

Silicosis is the result of the interaction of 
free crystalline silica and lung tissue. Silica 
has a specific effect, causing proliferation of 
connective tissue and the formation of paren- 
chymal  silicotic nodules. Microscopically 
the nodules are seen to be composed of hy- 
aline collagen fibers and are evenly distrib- 
uted throughout the lungs. The diagnosis 
of this condition rests primarily on two 
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criteria: (1) an adequate history of exposure 
to free crystalline quartz silica and (2) the 


roentgenologic demonstration of discrete gen- 
eralized nodulation in simple silicosis, with 


Fig. 4—This man is an iron-ore miner whose 
chest roentgenogram showed discrete generalized 
nodulation in 1933(.4). It was classified as simple 
silicosis, Stage I. In the same chest 17 years later 
(B) there has been no progression of the x-ray 
changes, and the man has been working without 
complaints. 
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conglomerate areas of increased density in 
the complicated forms. We have come to 
recognize three roentgenologic types: (a) 


Fig. 5.—This man had Stage II simple silicosis 
in 1938, without symptoms (4). The x-ray changes 
are characterized by discrete generalized nodula- 
tion and definite enlargement of the lung roots. 
Twelve years later (B) there has been no change 
in the degree of discete nodulation, but in the inter- 
val there has developed a slight degree of coales- 
cence of the nodules in the right outer second inter- 
space. In 1950, the date of this roentgenogram, the 
subject had no respiratory complaints and was gain- 
fully employed. 


= 


ASBESTOSIS 


Fig. 6—(4) Simple nodular silicosis, Stage I. 
Note generalized discrete nodulation and enlarge- 
ment of both lung roots. (8) This patient has been 
exposed to iron oxide fumes only. The character- 
istic nodular pattern is visualized, but the lung 
roots are of normal size and position. 
simple silicosis; (>) silicosis with conglom- 
eration; (c) silicosis with tuberculosis. Fol- 
lowing is a useful classification. 

A. SIMPLE SILICOSIS 

Stage 1—First-Degree Silicosis —The nod- 

ules are barely visible and are associated 
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with preservation and at times exaggeration 
of the linear markings. 


Stage 11—Second-Degree Silicosis —The 
nodules are from 2 to 3 mm. in diameter and 
are of sufficient size to obscure the linear 
markings to a great extent. 

Stage I11—Third-Degree Silicosis—The 
nodules are more than 3 mm. in diameter. 
Small areas of coalescence may be seen. 


B. SILICOSIS WITH CONGLOMERATION 


This is probably the result of interaction 
of an infectious organism, not necessarily the 
tubercle bacillus. It is conceivable that there 
is no relationship between the silicotic nodule 
and the infectious element. 


C. SILICOSIS WITH TUBERCULOSIS 


This may occur as the result of an infec- 
tion superimposed upon progressive and still 
active silicosis or of such an infection super- 
imposed upon an old and already stabilized 
silicotic process. 

Diffuse obstructive emphysema is known 
to be one of the complications of silicosis. 
It is seldom clinically manifested in cases of 
simple discrete nodular silicosis, but con- 
glomerate silicosis is almost always compli- 
cated by it in some degree. I do not mean 
to imply that chronic pulmonary emphysema 
is never detected in a person who has discrete 
nodular silicosis but to raise a question as to 
the underlying cause when the two are asso- 
ciated. Is the emphysema directly related 
to the pulmonary deposition of quartz, or is 
it an entirely independent process? 

Persons with diffuse obstructive emphy- 
sema have a reduced maximum breathing 
capacity and an increased residual air. It is 
felt that important knowledge concerning the 
actual residual air/total volume ratio can 
be obtained from an adequate chest fluoros- 
copy and from films made in full inspiration 
and full expiration. It would appear logical 
that the area enclosed within the silhouette 
of the thoracic cage at full inspiration should 
bear a relationship to the total volume of 
air within the lungs and that the silhouette 
of the thoracic cage at full expiration should 
bear a relationship to residual air (Fig. 2). 
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A short time ago Dr. George Wright made 
a study of 134 cases that showed a good cor- 
relation of residual air/total volume with 
area of roentgenologic expiration/area of 
roentgenologic inspiration, the coefficient of 
correlation being 0.772, with a standard error 
of 0.02 (Fig. 3). Therefore it seems per- 
missible to say that when diffuse obstructive 
emphysema is a complication of the silicotic 
process fluoroscopic examination of the chest 
and a chest roentgenogram made in full ex- 
piration should furnish information as to the 
presence of pulmonary function impairment. 
The moderate and severe forms should not 
be difficult to identify, but it is not easy to 
be definite about persons with slight impair- 
ment. I know of no way in which we can 
determine accurately the degree of diffuse 
obstructive emphysema other than by em- 
ployment of pulmonary functional studies. 

The discrete generalized nodular pattern, 
as visualized in the chest roentgenogram of 
a person who has had an adequate exposure 
to quartz, reflects the unit pathological lesion 
of silicosis—a nodule of hyaline fibrous tis- 
sue. This roentgenological finding does not 
imply the presence of pulmonary disability 
or that the abnormal densities will be pro- 
gressive in nature (Figs. 44, 4B, 5A, and 
5B). At the present time there are no statis- 
tical data available, to my knowledge, which 
would confirm a general impression that all 
cases, or even the majority of cases, of sim- 
ple silicosis are progressive. One such study 
has recently been started and will be re- 
ported on at a later date. 

Not infrequently the roentgenologic differ- 
ential diagnosis of siderosis and silicosis is 
said to be a source of considerable difficulty. 
One of the main features, other than the 
occupational history, is that in simple silicosis 
there is always accentuation of the hilar re- 
gions, in contrast to the normal appearance 
of the lung roots in a person who has been 
exposed to iron oxide only (Figs. 64 and 
6B). If a worker has had adequate pul- 
monary deposition of both quartz and iron 
oxide, as is the case in some industrial occu- 
pations, the lung roots will be enlarged as a 
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result of the reaction of free crystalline silica 
on the pulmonary tissues. 

Asbestosis is a form of pneumoconiosis 
resulting from prolonged inhalation of asbes- 
tos fiber. It is a chronic disease, with diffuse 
pulmonary fibrosis which takes years to de- 
velop. As in other occupational diseases of 
the lung, the chest roentgenogram is the 
cornerstone in establishing the diagnosis. 
Of course, it goes without saying that an 
adequate history of exposure to asbestos fiber 
is also a requisite criterion. 

It would be wise, before proceeding to the 
roentgenologic classification of asbestosis, to 
caution about making statements as to pul- 
monary functional impairment—“disability” 
—from the x-ray. An expiration film or 
chest fluoroscopy is not of much help in these 
patients, because their lungs usually empty 
very well. When functional impairment is 
present, it is usually a problem of a “tight 
lung” in contradistinction to the diffuse ob- 
structive emphysema seen in complicated 
forms of silicosis. Physiological study of 
such cases usually reveals a decreased maxi- 
mum breathing capacity, a small total vol- 
ume, and no increase in residual air. Dr. 
George Wright has performed complete phy- 
siological functional studies on many men 
from the asbestos industry. When we cor- 
related his findings with the x-ray, it was 
found that some persons with slight roent- 
genologic changes had definite functional im- 
pairment. This, as you will remember, was 
not the case in simple discrete nodular sili- 
cosis. 

As in silicosis, the roentgenologic changes 
in the lungs of persons with asbestosis can 
be divided into varying stages of develop- 
ment, as follows. 


ASBESTOSIS—STAGE I 


There is present an extremely fine network 
of increased densities at both bases, radiating 
from the cardiophrenic angles toward the 
costophrenic sulci. There may or may not 
be a superimposed granular pattern. The 
middle thirds of the lung fields may also be 
slightly affected, but the apices are clear. 


ASBESTOSIS 


The portions of the lung involved have a 
hazy appearance (Fig. 7). 


ASBESTOSIS—STAGE II 

The roentgenologic picture is more dense. 
There is a beginning decrease in the clarity 
of the cardiac silhouette. The densities ex- 
tend to the periphery of the middle and the 


lower thirds of both lung fields. These 


parenchymal changes are sometimes referred 
to as having a “ground-glass” appearance. 
The lung roots are generally accentuated 
(Fig. 8). 


Fig. 7—Asbestosis, Stage I. Note fine network 
of increased densities at both bases. Midlung fields 
and apical regions are clear. Heart borders are 
clearly defined. 


ASBESTOSIS—STAGE III 
Considerable shadowing of the middle and 
the lower thirds of both lung fields is noted, 
which can extend to the upper thirds. The 
outlines of the cardiac silhouette are difficult 
or impossible to differentiate against the 
densities within the lung parenchyma 
so-called “shaggy heart” (Fig. 9). 


the 


It is not especially important whether we 
have some difference of opinion as to which 
x-ray stage of asbestosis a patient has. The 
important thing is to be certain of our diag- 
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Fig. 8—Asbestosis, Stage II. Basal areas of in- 
creased density are more pronounced than in 
Stage I. There is slight involvement of midlung 
fields but complete clearness of the apices. Note 
beginning loss of definition of right cardiac border. 


nosis and of the presence or absence of pul- 
monary functional impairment as the result 
of the pulmonary deposition of asbestos fiber. 
The diagnosis is most difficult in cases which 
demonstrate only a very slight departure 
from the usually accepted normal chest roent- 
genogram. These are classified as 
doubtful or uncertain. Usually stereoscopic 
films of good diagnostic quality are most 
helpful in such situations. At any rate, it 
would seem mandatory that these cases be 
closely followed by means of serial chest 
x-rays. Fortunately, this problem does not 
confront us too often. 


cases 


This discussion does not represent a com- 
plete synopsis of the problem of pulmonary 
asbestosis and silicosis. It was the intention 
only to demonstrate various roentgenologic 
manifestations of the lung abnormalities in- 
cident to these conditions. However, one 
would be remiss if mention was not made of 
the fact that these fibrotic diseases may give 
rise to cor pulmonale. The right ventricular 
enlargement is best demonstrated in oblique 
views of the chest and by fluoroscopy. It is 
possible to have a considerable degree of such 
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enlargement without gross alteration of the 
cardiac silhouette on the posteroanterior 
projection. 

CONCLUSIONS 
result from the 
inhalation of sufficient quantities of free crys- 
talline quartz silica and asbestos fiber. 


Silicosis and asbestosis 


When pulmonary reaction occurs as the 
result of deposition of either dust, a charac- 
teristic, though different, roentgenological 
pattern is manifested in the chest x-ray. 

An x-ray classification of both conditions 
is emploved according to the extent of the 
characteristic shadows. 

Simple silicosis is usually not accompanied 
by any pulmonary functional impairment, 
whereas the complicated forms almost always 
demonstrate some departure from the normal. 

The functional impairment in silicosis is 
due to diffuse obstructive emphysema. A 
chest fluoroscopy and/or chest roentgeno- 
grams taken in full expiration aid in evalu- 
ating the presence or absence of this com- 
plication. 

Not all cases of asbestosis have a breathing 
problem. When it is present, it is due to a 

Fig. 9.—Asbestosis, Stage III. Basilar areas of 
increased density and involvement of midlung fields 


are more striking. Characteristic shadows are now 
extended to involve the upper thirds. Cardiac sil- 


houette has assumed typical “shaggy” appearance. 
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“tight lung.” Expiration films are not of 
much value in determining the presence or 
absence of respiratory impairment in these 


cases, as there is no increase in residual air. 


Unlike silicosis, we found some persons 


with slight x-ray changes indicating asbesto- 
sis with definite 
present. 


functional impairment 
DISCUSSION 

Dr. M. C. Sosman, Boston: Dr. Bristol has pre- 
sented a very complete and scholarly paper con- 
cerning the demonstration and identification of the 
various forms of silicosis and asbestosis by roent- 
genological examination. The problem, however, is 
quite different when attempting to make a diagnosis 
of silicosis or asbestosis in some of the patients seen 
in a general hospital. Dr. Bristol’s patients were 
x-rayed particularly for silicosis or asbestosis, and 
in many of them there was a definite history of ex- 
posure. In many of the others there was a known 
pulmonary disability, and the possibilities of pneu- 
moconiosis were automatically considered. By con- 
trast, most of our patients are sick, but they have a 
much wider variety of disease, and the demonstra- 
tion of the abnormality causing the symptoms is 
often difficult, with its identification even more ar- 
duous. 

Many of our patients have shortness of breath, 
cough, fever, or loss of weight. It may be due to 
disease elsewhere in the body, heart disease or any 
other conditions than industrial disease affecting the 
lungs. But it is surprising how many times the var- 
ious pulmonary diseases and conditions can imitate 
one another. 

At our institution we had chest x-rays taken of 
8,000 patients last year, and there were only 3 in 
whom we could conclude, with any certainty, that 
their illnesses were due to occupational pneumo- 
nitis. However, we can see many slight pulmonary 
changes and noncharacteristic shadows, such as 
Dr. Bristol has demonstrated in the early stages of 
silicosis and asbestosis, but with no symptoms or 
At this 
point I would like to take up the gage of battle 
which Dr. Chapman flung at me in introducing me. 
Dr. Bristol has just stated that in evaluating x-ray 
films one must consider the patient's history as well 
as make a thorough physical examination. Now I 
submit to you, gentlemen, that, as a physician prac- 


signs and no history of industrial exposure. 


ticing radiology, I cannot remember a single case 
in which the physical examination changed the di- 
agnosis which had been made from the x-ray find- 


ASBESTOSIS 


ings, the history, or the laboratory results, or a 
combination of the three. In other words, I feel that 
it is a waste of the physician's time to listen to the 
patient’s lung and then decide, in view of what he 
thinks he hears, what the shadows mean. 
However, I would not urge you to stop doing it, 
for it impresses the patient and gives the physician 
time to think what might possibly be wrong and 
what kind of an x-ray examination should be made 
first. 


x-ray 


As to the exact problem presented today, may 
I show you a series of slides, any one of which could 
be interpreted as various stages of silicosis or asbes- 
tosis if the conditions of exposure were adequate 
and if the diagnosis was not otherwise known or 
available? May I add at this point, and stress its 
importance, that I firmly believe the x-ray exam- 
ination of the chest is only halt of the diagnosis ; 
the other half must be a history of adequate ex- 
posure. We are not justified in making a diagnosis 
from x-ray films alone or from the history alone, 
but we can do it from the combination of the two. 

[Dr. Sosman then showed a series of slides, in 
each case pointing out the similarity between the 
condition demonstrated and similar lesions which 
could be due to silicosis or asbestosis. 
out that it 


He pointed 
was easy to demonstrate symptom- 
producing lesions in the lungs in over 95% of the 
cases but that it was difficult to identify them from 
the x-ray examination and the history in more than 
75%. He included the following: carcinoma of the 
lung, simulating the conglomerate stage of silicosis ; 
metastatic carcinoma, duplicating the nodular stage 
of silicosis; retrograde lymphatic permeation from 
the retroperitoneal abdominal area simulating early 
streaking of silicosis; various granulomatous dis- 
eases, infections, parasites, effects from inhaling 
toxic materials; lipid pneumonitis, scleroderma, 
multiple infarcts, chronic passive congestion, espe- 
cially from mitral stenosis; idiopathic pulmonary 
fibrosis, diffuse bronchitis and bronchiectasis and 
sarcoidosis, in addition to several rare conditions 
just recently identified. ] 

Conclusion: 1. X-ray examination is mandatory 
in all occupations where there is any possibility of 
exposure to disease-producing materials, with pri- 
mary films at employment and routine films at least 
once a year thereafter. 

2. In many conditions seen in the general hospital, 
silicosis has to be considered, but it is actually diag- 
nosed in only a very small fraction of the total num 
ber of patients seen in a general chest clinic in such 
an area as metropolitan Boston. 
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GEORGE W. WRIGHT, M.D., Cleveland 


1 have been asked to discuss the abnor- 
malities of function that occur in certain 
of the pulmonary diseases of occupational 
origin. Knowledge concerning the derange- 
ments of function, characteristic of each spe- 
cific disease, will assist materially in making 
a correct diagnosis. Information concerning 
the degree to which function has been de- 
ranged, consequent to the disease, will assist 
in proper evaluation of the physical disability 
arising out of the pathological process. Time 
will not permit me to discuss all the occupa- 
tional pulmonary diseases ; therefore, I pro- 
pose to discuss chiefly silicosis and asbestosis. 
These two diseases offer a nice contrast and 
are representative of the abnormalities of 
function that one meets in other types of 
industrial pulmonary disease. 

Since this audience includes a larger pro- 
portion of lay than medical persons, it seems 
to me advisable that I spend some time in 
describing as simply as I can the function 
of the respiratory and cardiocirculatory ap- 
paratus. I trust that my medical associates 
will forgive me if I, for the purposes of rapid 
comprehension, simplify the processes which 
we know are, in reality, quite complex. The 
human body is an internal-combustion ma- 
chine which obtains its energy by burning 
carbohydrates and fat. In the process, oxy- 
gen is utilized and carbon dioxide is pro- 
duced. The rate of burning is proportional 
to the rate of energy expenditure; hence, 
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oxygen utilization and carbon dioxide pro- 
duction are augmented or diminished in 
proportion to energy expenditure. The oxy- 
gen utilized is obtained from, and carbon 
dioxide, in turn, is discharged into, the atmos- 
pheric air. Since combustion goes on deep 
in the tissues of the body, some arrangement 
must be made for transporting oxygen to, 
and carbon dioxide away from, the active 
tissues. This transportation is performed by 
the blood stream which contains oxygen and 
carbon dioxide in physical solution and com- 
bined with chemical substances. It is readily 
understandable then that, as energy produc- 
tion is augmented during increasing work, 
more and more transport of these chemicals 
must take place. This is accomplished by 
increasing the blood flow to the active parts, 
the increase in blood flow being effected by 
an increase in the activity of the heart, the 
organ that pumps blood through the vascular 
channels of the body. The rate of exchange 
of oxygen and carbon dioxide between the 
body and the atmospheric air varies approxi- 
mately tenfold, depending upon the rate of 
physical energy utilization. 

Adequate gas exchange requires that at 
some place the blood must flow over a large 
vascular surface where the medium separat- 
ing the blood from the outside air is very 
thin and hence will permit the gases to cross 
from the blood to the air phase with great 
rapidity. Such a large vascular bed would be 
very fragile and subject to great injury if 
exposed on the outer surface of the body, 
but man has developed so that this vascular 
bed is contained within a very strong cover- 
ing and protecting device, namely, the chest 
cage. The lungs are this vascular bed through 
which blood can circulate very rapidly and 
present an enormous surface to air that can 
be variably and rapidly refreshed. It is ap- 
parent that if the air within the lungs were 
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not exchanged frequently the blood would 
soon pick up all the oxygen there and replace 
it with carbon dioxide. In such circumstances, 
carbon dioxide would back up in the tissues 
and the tissues would suffer from a lack of 
oxygen. Lack of oxygen is known, under 
situations familiar to all of us, to result in a 
smothering of the combustion processes in 
any sort of internal-combustion machine. 
Obviously, therefore, it is necessary that the 
air within the lungs be rapidly and continu- 
ously changed in order to provide an atmos- 
phere inside the lungs which closely resembles 
the outside air. The act of breathing serves 
the purpose of exchanging the lung gas with 
that of the outside air. In summary, the 
respiratory apparatus is an air pump actuated 
by movements of the thoracic cage, which 
contains a large vascular surface designed for 
the rapid exchange of gas between blood and 
air. To complete the apparatus, a blood pump, 
namely, the heart, forces blood through the 
vascular surface of the lung at a variable and 
sometimes rapid rate. In addition, of course, 
the heart also pumps blood away from the 
lung to the tissues that utilize the oxygen 
and nutrients contained in the blood itself. 

The respiratory and circulatory apparatus 
does not operate in an unregulated fashion. 
There is a control mechanism situated in the 
brain which dictates to the thoracic cage the 
rate at which air should be moved into and 
out of the lungs, the rate at which blood will 
be propelled through the lungs, and the way 
in which blood shall be distributed through- 
out both the lungs and the body. This control 
mechanism is under the influence of many 
factors. The precise manner in which the 
body integrates its activities so that respira- 
tion and blood flow keep pace with the de- 
mands for energy production is incompletely 
understood and highly complex. 

During the past few years, methods have 
heen devised for quantitating some of the 
physiologic aspects of the respiratory and 
circulatory systems. It is possible to measure 
the volume of air contained in the lungs in 
their fully distended state (total volume) and 
also in the state of being as empty as one can 
make them by voluntary effort (residual vol- 
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ume), the difference between these two vol- 
umes being the stroke volume (vital capacity ) 
of the respiratory pump. One can also meas- 
ure the maximum rate at which the respira- 
tory apparatus can move air into and out of 
itself in repeated cycles (maximum breathing 
capacity). The response of the respiratory 
apparatus, in terms of the volumes of air it 
breathes per minute, to the stress of physical 
exercise (Ov, or oxygen ventilation equiva- 
lent) can also be measured. A sample of 
blood drawn from one of the peripheral 
arteries of the body and subsequently meas- 
ured for its oxygen and carbon dioxide pres- 
sure and for the degree to which the oxygen 
carriers have picked up a load of oxygen 
while in transit through the lung gives us an 
accurate estimate of the effectiveness with 
which the lung ventilates the blood which 
perfuses it. It is also possible to measure the 
partial pressure of oxygen and carbon dioxide 
in the air of the deeper portions of the lung 
where gas exchange is taking place between 
the blood and air phase. The actual physical 
state of the lungs is now the subject of in- 
tensive study in several laboratories. <Al- 
though we are now able to measure the pres- 
sure and quantity of blood flowing through 
the lungs under resting conditions and during 
mild exercise, in man we are only beginning 
to arrive at a solution to the problem of 
measuring blood flow during heavy exercise. 
The measurement of potential differences in 
the heart muscle, as reflected in the electro- 
cardiogram, permits us to learn much con- 
cerning the action of the heart itself. Never- 
theless, we are still quite ignorant of the 
details concerning the chemistry associated 
with energy production in heart muscle, and 
the same may be said for the muscles that 
permit us to carry on physical exertion. One 
can see, therefore, that, although we possess 
useful knowledge which permits us to recog- 
nize derangements of function and to quanti- 
tate them, we do not have all the information 
that we would like to, and there are many 
questions still unanswered. 


Do these various measurements just men- 
tioned supply us with reliable information 
in terms of the person’s ability to expend 
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physical energy? This question has been 
under study for a number of years in the 
Department of Physiology of the Edward 
L. Trudeau Foundation, and a preliminary 
report of rather extensive data in this regard 
has been made. The maximum energy output 
during exercise of six minutes’ duration was 
measured in a group made up of normal 
persons and others with various kinds of 
pulmonary disease. The oxygen uptake dur- 
ing the most intense exercise of which each 
individual was capable was measured. This 
maximum ()». uptake is believed to quantitate 
the peak capacity of the integrated functions 
of the respiratory and circulatory systems 
and to reflect maximum energy output. 
Numerous physiologic measurements of vari- 
ous aspects of respiration and circulation 
were carried out in conjunction with the 
determination of the maximum ability for 
oxygen uptake. In normal persons and in 
others with various forms of pulmonary dis- 
ease, including many with industrial disease, 
a high correlation between the maximum 
capacity for oxygen uptake and a combination 
of the maximum breathing capacity and oxy- 
gen ventilation equivalent was demonstrated. 
The correlation coefficient was 0.904 S. E. 
0.025. It is apparent from these data that 
in those persons who suffer from pulmonary 
disease a the maximum 
breathing capacity and of the response to 
exercise in terms of ventilation (OQov) either 
directly determine or reflect some common 
factor that determines the ability such per- 
sons possess for physical energy expenditure. 


measurement of 


What are the vulnerable points of the 
respiratory system? It is apparent that dis- 
ease may hinder the motion of the thoracic 
cage, thus impairing the capacity of the per- 
son to move air into and out of the lungs in 
an augmented fashion. Disease may also cause 
obstruction to the large or the very small 
tubes that conduct air into the various por- 
tions of the lung. Such obstruction will im- 
pair the rate of air flow through the tubes 
and reduce the capacity of the respiratory 
apparatus to perform as an air pump. Lung 
tissue may be so altered by disease that it 
becomes less easily stretched during inspira- 
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tion or resists deformation during expira- 
tion, an alteration that also would reduce the 
capacity of the respiratory apparatus to pump 
air. Any of the three alterations just men- 
tioned may cause uneven distribution of gases 
in the lung, thus interfering with maintenance 
of an optimum pressure of oxygen and carbon 
dioxide in the gas phase, and lead to inade- 
quate ventilation of the blood as it perfuses 
the lungs. Disease processes may cause a 
proliferation of the tissues that support the 
blood vessels inside the lungs and in this 
manner increase the thickness of the mem- 
brane that separates the blood from the gas 
phase, with a resultant impediment to the 
passage of vital gases across this separating 
membrane. This, in turn, would lead to in- 
adequate ventilation of blood which perfuses 
the lung. Disease processes might also de- 
stroy portions of the vascular bed of the lung, 
with the result that the area available to the 
body for transfer of gases from the blood to 
the gas phase might be reduced. In this con- 
nection, reduction of the vascular bed may 
also impose a resistance to blood flow through 
the lung and abnormally increase the work 
of the heart with consequent damage to that 
organ. Disease process may also so influence 
the lung as to cause unusual reflexes to arise 
from within the lung and thus vary the 
breathing response during rest or especially 
during exercise. As mentioned before, dis- 
ease processes may interfere with the proper 
ventilation of the blood as it perfuses the 
lung, with the result that the blood itself 
will undergo changes in the way of increase 
in the oxygen-carrying cells, thus causing 
the blood to become more viscous and in 
that way increase the work of the heart in the 
process of pumping blood through the ves- 
sels of the lung. Disease processes also pro- 
duce other changes in the cardiorespiratory 
apparatus of a very subtle nature, and pres- 
ently only vaguely recognized, which may 
contribute materially to disability arising out 
of pulmonary injury. 
We may proceed now to a discussion of the 
specific way in which the respiratory appara- 
tus shows functional abnormalities resulting 


from silicosis. Numerous studies by many 
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investigators throughout the world have 
shown that the earliest recognizable form of 
silicosis, generally classified as simple dis- 
crete nodular silicosis, is attended either by 
no recognizable alterations of function or, 
at most, by very slight ones. It is perhaps 
surprising to some that a disease process 
which can be readily seen as manifested in 
a chest roentgenogram may nevertheless fail 
to cause any recognizable functional dis- 
turbance. The use of the word “recognizable” 
is deliberately chosen, since it is entirely 
possible that slight alterations of function 
are not recognized by virtue of the fact that 
thus far all studies in diseased persons have 
heen made after the disease has become mani- 
fest. We are forced to compare measurements 
of the diseased person with the average for 
these same normal men. 
If we were able to study persons early in 
life, prior to the development of the disease, 
and repeat the studies in the same persons 
at the time the disease is fully developed in 
its simple discrete nodular state, perhaps we 


measurements in 


would recognize some reduction in respira- 
tory function. We have no way, at present. 
of disclosing that a high normal man might 
be converted to a low normal by disease. 
Also, properly sampled groups of diseased 
persons measured for comparison with 
groups of normal men have not been studied. 

When conglomerate silicosis develops, one 
usually finds readily recognizable alterations 
of pulmonary function. The maximum breath- 
ing capacity is usually reduced, the residual 
volume is increased, and the oxygen ventila- 
tion equivalent may be slightly above normal. 
These findings are quite typical of those ob- 
served in diffuse obstructive emphysema, 
and indeed the histological sections of the 
lungs from conglomerate silicotics show the 
anatomy characteristics of diffuse obstruc- 
tive emphysema. When the impairment to 
movement of air into and out of the lungs 
is severe, it can be recognized by observation 
of the limitation of thoracic motion during 
the act of breathing. More sensitive methods 
permitting earlier recognition of this obstruc- 
tion to air flow are fluoroscopic examination 
and comparison of roentgenograms taken at 
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maximum inspiration and expiration. In 
contrast to the person with idiopathic diffuse 
obstructive emphysema, in whom recogniz- 
able alterations of effectiveness with which 
the blood is ventilated are common, most 
persons with conglomerate silicosis show 
little or no impairment of blood ventilation at 
rest, although evidences of inadequate venti- 
lation may appear during moderate or heavy 
exercise. One may interpret this as indicat- 
ing that in conglomerate as well as in discrete 
nodular silicosis the involved areas of lung 
are perfused either slightly or not at all with 
blood from the pulmonary artery. Virtually 
all the blood that flows through the lung 
appears to traverse normally functioning 
lung tissue. In many but not all cases of 
conglomerate silicosis, the pressure required 
to force blood through the vascular channels 
of the lung is increased as a result of attrition 
of the vascular bed. This, in turn, places a 
strain on the heart, with production of hyper- 
trophy of the cardiac muscle. If the resistance 
to blood flow is severe enough and lasts over 
a sufficient length of time or is complicated 
by pulmonary infection, heart failure may 
occur, 

The physiologic abnormalities observed 
in the various stages of silicosis fit reasonably 
well with the histologic abnormalities. As 
mentioned earlier, the discrete nodular stage 
is focal. Each diseased area consists of 
destroyed lung replaced by the granuloma 
characteristic of silicosis. No air enters these 
foci, and no pulmonary artery blood perfuses 
them. In between each focus one sees a nar- 
row zone of dilated alveoli, spoken of as 
being emphysematous. The physiologic data 
indicate that these dilated alveoli are too 
few in the aggregate to recognizably influence 
function, or they function normally in spite 
of being dilated. When clinical or physiologic 
evidence of impairment consistent with dif- 
fuse obstructive emphysema is observed in a 
person with simple discrete nodular silicosis, 
one must suspect that the emphysema is a 
chance concomitant disease and would have 
occurred even though the silicosis were ab- 
sent. In conglomerate silicosis the histologist 


observes masses of fibrous and granuloma- 
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tous tissue which, in the aggregate, may com- 
prise a large portion of the total intratho- 
racic substance. The air-containing lung tis- 
sue usually displays the characteristic ap- 
pearance noted in diffuse obstructive emphy- 
sema. Although critical measurements of the 
total pulmonary capillary bed have not been 
made, it is obvious that some, and in many 
cases much, of the vascular bed has been 
destroyed. In these cases, thickening of the 
right ventricle, presumably caused by the 
increase of work required to force blood 
through the lungs, is often evident. 


In summary, it is the experience of all 
investigators that the simple discrete nodular 
phase of silicosis is rarely complicated by 
recognizable physiologic alterations of the 
cardiorespiratory apparatus. In the conglom- 
erate form of the disease, however, the classi- 
cal evidences of diffuse obstructive emphy- 
sema are relatively common. It is of practical 
interest that in all stages of silicosis the 
severity of impairment of respiratory func- 
tion bears only the grossest correlation with 
the extent of the disease displayed in the 
roentgenogram. If the physiologic alterations 
are slight, there is little impairment of the 
ability to carry out physical exertion. If, on 
the other hand, there is a marked reduction 
in breathing capacity, the degree by which 
such a person’s ability for physical exertion 
is limited may be equally great. The breath- 
lessness during exertion that restricts the 
physical work capacity of the conglomerate 
silicotic is primarily caused by loss of breath- 
ing power. Present-day techniques permit 
us to measure the physiologic alterations with 
a reliable degree of accuracy. 


During the past few years a group of 57 
men who had experienced varying degrees 
of exposure to air-borne asbestos fiber were 
studied in the Department of Physiology 
of the Edward L. Trudeau Foundation. A 
preliminary report of these data was pre- 
sented at the Seventh Saranac Symposium 
in September, 1952. What is the status of 
the respiratory and circulatory systems in 
a person who has typical roentgenographic 
and clinical evidences of asbestosis? A study 
of the men in the above-mentioned group 
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shows rather clearly that in the typical 
asbestotic there is little, and often times no, 
impairment of ability to ventilate the lungs, 
as measured by the maximum breathing 
capacity. There is likely to be, however, a 
measurable restriction of the degree to which 
the lung can be expanded, as evidenced by 
a slight to moderate reduction in total volume. 
Of course, when the fibrosis is extreme in 
extent, the impairment to enlarging the lung 
may cause an appreciable loss of maximum 
breathing capacity. Fluoroscopic examina- 
tion, as well as a comparison of inspiration 
and expiration films, and measurement of 
the actual residual volume of the lung show 
that there is little or no impairment to empty- 
ing the lung in such persons. When one 
measures the partial pressure of oxygen and 
carbon dioxide in the gas of the lung, one 
finds that these pressures too are within 
normal limits. Nevertheless, study of samples 
of blood removed from the peripheral artery 
will usually show a rather marked inadequacy 
of oxygen transfer from the lung air to the 
lung blood. The partial pressure of oxygen 
in the arterial blood is usually subnormal, 
and less than the normal proportion of oxy- 
hemoglobin will be found in the sample. The 
difference between the pressure of oxygen 
in the lung gas and in the lung blood is 
usually quite markedly increased. The partial 
pressures of carbon dioxide are apt to be 
within normal limits, both in the lung gas 
and in the lung blood. These data quite 
clearly indicate an impediment to the passage 
of oxygen across the membrane separating 
the gas from the blood phase in the lung. 
Carbon dioxide transfer, however, is not 
appreciably interfered with. During exercise 
the person with asbestosis is apt to display 
overbreathing. The volume of air breathed 
per minute will be considerably greater for 
a given stress of exercise than would be true 
in normal persons. This is well demonstrated 
in measurements of the oxygen ventilation 
equivalent, which is found to be elevated. 
The rate of respiration and the pulse rate 
during exercise are apt to be higher than 
normal in the person with asbestosis. The 
cause of the breathlessness during work that 
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limits the physical activity in some persons 
with asbestosis resides, in part, in the ab- 
normally high rate of breathing and the 
abnormally increased volume of air breathed 
during work. The subnormal oxygen content 
and the pressure in the arterial blood act as 
an unusually strong stimulus to breathing. 
In addition, reflexes originating from the 
abnormally stiff and relatively uncompliant 
lung of the asbestotic may add to the stimulus 
of breathing or even give rise directly to the 
distressing sensations felt by the patient. 


To what extent does the presence of an 
abnormally low oxygen content of the arterial 
blood, one of the chief characteristics of 
asbestosis, presage a limitation of capacity 
for physical work? We found that some of 
those persons showing a definite subnormal 
Oz. content of the arterial blood still pos- 
sessed a normal maximum capacity for physi- 
cal exertion. Because we are comparing such 
a person with the average normal man and 
not with himself prior to injury, it would 
be incorrect to say that our evidence demon- 
strates an absence of impaired maximum 
capacity for physical work. It should be em- 
phasized that our data show retention of 
average capacity for work in the presence 
of incomplete oxygenation of the blood. 

These findings in the person with asbesto- 
sis stand in rather striking contrast to the 
abnormalities seen in the typical silicotic. 
Whereas in the conglomerate silicotic a 
marked reduction of maximum breathing 
capacity and an increase of residual air, 
typical of diffuse obstructive emphysema, 
are commonly observed, such abnormalities 
are usually absent in the asbestotic. In the 
latter, there appears to be little or no impair- 
ment of movement of air into and out of the 
lungs, the chief abnormality observed in re- 
gard to thoracic action being that the lungs 
are resistant to inspiration. Whereas the 
person with silicosis usually shows no or 
little abnormality of the transfer of gases 
between the lung phase and the blood phase, 
quite the reverse is true in the person with 
asbestosis. In the latter, inadequate oxygen 
transfer to blood as it flows through the lung 
is common. In contrast also to the silicotic, 
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who shows no unusual response to exercise 
from the standpoint of the amount of air 
that he breathes, the person with asbestosis 
breathes considerably more than does the 
normal man for a given intensity of physical 
exercise. One can generalize by saying that, 
although both the silicotic and the asbestotic 
man develop unusual shortness of breath 
during physical exertion, the person with 
silicosis does so chiefly because of a loss of 
breathing power, whereas the man _ with 
asbestosis becomes short of breath primarily 
because his breathing load, or response in 
terms of breathing during the exercise, is 
unusually great. Secondary effects on the 
heart because of an impediment to the flow of 
blood through the lung can be manifested in 
both diseases. In other words, cor pulmonale 
is a not unusual complication of either con- 
glomerate silicosis or asbestosis. 

This contrast of physiologic abnormalities 
is consistent with what one sees in regard 
to the abnormal anatomy or histology of the 
lung in the two diseases. In the silicotic the 
disease is focal, with large areas of healthy 
lung tissue remaining in the presence of the 
scattered nodulation ; hence, the relative pau- 
city of physiologic abnormalities. In the 
conglomerate form of silicosis there is still 
some healthy lung tissue, but coexistent is 
a diffuse emphysema, with its airway ob- 
struction and consequent loss of breathing 
power. Only later, when the ventilation of 
the air spaces is inadequate, do evidences 
of improper ventilation of the perfusing blood 
appear. In well-developed asbestosis the 
tissue alterations appear to be more wide- 
spread than in silicosis, and even when the 
process is not severe in any one area, a major 
portion of the lung will be involved. Hence, 
there is relatively little truly entirely normal 
lung tissue in the person with clinically mani- 
fest asbestosis. The nature of the histologic 
change is such as to increase the thickness 
of tissue that must be traversed by oxygen 
in going from the lung air to the lung blood. 
The abnormality in asbestosis is chiefly lo- 
cated in the membrane that separates the 
blood and the gas phase. Because of this and 
the relative absence of airway obstruction 
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in asbestosis, the primary or chief abnor- 
mality exhibited by the asbestotic patient is 
impaired oxygen transfer to the blood rather 
than impaired breathing ability and ventila- 
tion. It is true that the histologists have re- 
ported emphysema as being present in the 
tissues of the lung in the typical asbestosis 
case. Small areas of emphysema undoubtedly 
do occur, but the massive emphysematous 
involvement of the lung, which is so com- 
monly observed in conglomerate silicosis, 
does not appear to be present as a rule in 
even the severe cases of asbestosis. 

What can be said about the relationship 
between the presence or absence of physio- 
logic abnormalities and the presence or ab- 
sence of recognizable pathologic manifesta- 
tions in the chest roentgenogram in asbes- 
tosis? Our studies showed quite clearly that 
examples of asbestosis, clearly recognized by 
roentgenography but with minimal or absent 
physiologic abnormalities, do exist. This can 
only mean that in some (not the rule) in- 
stances the earliest roentgenologic manifes- 
tations are still focal in nature and that 
large volumes of normal lung tissue remain 
through which blood can perfuse in prefer- 
ence to those areas that have been damaged 
by the asbestosis process. The reverse situa- 
tion may also be observed, as evidenced by 
the observation of some persons showing 
evidences of abnormal physiologic conditions 
in the arterial blood with no clearly recog- 
nizable abnormality in the chest roentgeno- 
gram. Two possible explanations exist for 
this not unusual finding in our series of cases. 
First, the earliest recognition of asbestosis 
in the chest roentgenogram is notoriously 
very difficult, because the earliest manifesta- 
tion is simply an exaggeration of broncho- 
vascular markings that are normally present 
in the lung. It may be that in those cases 
which we observed with evidence of impedi- 
ment to oxygen transfer across the membrane 
but without evidences of change in the x-ray 
we failed to recognize the earliest x-ray ab- 
normalities. The second explanation may be 


that the disease process is so diffuse in its 
very earliest stage that there is little or no 
normal lung tissue for blood to flow through. 
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As a consequence some of the blood must 
flow through areas of lung tissue in which 
the membrane has been slightly thickened, 
thus causing impairment of oxygen transfer 
to the blood. Since the lung is so uniformly 
involved by the slight alterations of tissue, 
there is poor contrast between normal and 
diseased areas and, hence, no definite abnor- 
mal shadow in the roentgenogram. In regard 
to the correlation between x-ray abnormality 
and physiologic abnormality in asbestosis, 
one can state that three situations can exist : 
(1) physiologic abnormality without any 
definite roentgenologic abnormality, (2) 
roentgenologic abnormality plus physiologic 
abnormality, and (3) roentgenologic abnor- 
mality without any physiologic abnormality. 


What about the duration and intensity of 
exposure to air-borne asbestos fiber and the 
subsequent development of roentgenologic or 
physiologic abnormalities? As one might ex- 
pect from experience with other pulmonary 
diseases of occupational origin, there was a 
gross correlation between the intensity and 
duration of exposure and the development 
of abnormal shadows or physiologic changes. 
However, some persons with prolonged and 
very intense exposure failed to develop any 
evidences of either physiologic abnormality 
or roentgenographic abnormality. Our ma- 
terial fails to give us any evidence as to what 
the shortest required duration or intensity 
of exposure is in order to produce a recog- 
nizable asbestosis. 

It has long been known that both crystal- 
line silica in finely divided form and asbestos 
fiber when introduced into the lung can pro- 
duce fibrosis which leads to physical impair- 
ment. Although the clinical manifestations of 
the disease are in many, though not all, 
respects similar, the physiologic abnormalities 
are recognizably distinctly different in the 
earlier stage of the two diseases. In the ter- 
minal stage the distinction may not be en- 
tirely clear and may lead to confusion. A 
further difficulty in diagnosis resides in the 
fact that many workers with obvious pul- 
monary abnormality have had exposure to 
both silica and asbestos, and the diseases 
may coexist. Both diseases may be roent- 
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genologically manifest but without recogniz- 
able physiologic impairment. An enormous 
respiratory reserve, which is the birthright 
of most of us, permits extensive tissue injury 
and damage with little or no loss of capacity 
for physical work. This statement of fact in 
no way should be construed as condonement 
for needless injury. 


DISCUSSION 


Dr. James L. WHITTENBERGER, Boston: I was 
pleased to hear Dr. Lanza’s remarks; he made a 
number of remarks I was going to make. Many of 
us in the field of pulmonary physiology do not 
understand all that Dr. Wright was talking about, 
and I personally agree with the statement Dr. Lanza 
made that in many ways we are in a _ primitive 
state so far as industrial 


information about 


pulmonary diseases is concerned. 


our 


I read the other day a passage written by Harvey 
in 1635,! in which he discussed the effect on the 
lungs of the smoke which heavily contaminated the 
atmosphere of the large industrial cities in Eng- 
land. He believed that the elderly and infirm were 
most likely to suffer, especially in the autumn of 
the year when the smoke inclined to be 
severest. Even today we are much concerned with 
the same problem, and I am not sure that we under- 
stand it very much better than he did at that time. 


Was 


Having been shown the large array of pulmonary 
function tests which Dr. Wright used very skil- 
fully in his study of industrial pulmonary disease, 
we should ask ourselves the question of the signitf- 
icance of some of these tests. I am not by any 
I think that it is 
the only way we will learn about these conditions 
and perhaps learn how little we know about them, 
but the respiratory system, in spite of the simplified 
diagram Dr. Wright presented, is an extremely 
complex system. The interrelationships of ventila- 
tion of the lungs, diffusion in the lungs, and circula- 
tion throughout the lungs are so complex that it is 
often extremely difficult to say 


means against doing these tests. 


what is due to 
impairment of the circulation and what is due to 
impairment of diffusion or ventilation. 

As physicians seeing patients with pulmonary 
disease which may be related to occupational ex- 
posures, I am sure that you would like to know 
what tests are really feasible outside of the larger 
hospitals and university centers. I think that the 
vital capacity, especially if it can be a timed vital 
capacity, is a measurement which is definitely 
worthwhile. I think that the maximum breathing 
capacity, which is a simple test, is very worthwhile. 
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There is a point here about normal standards. 
If we use the standards in the literature, it is often 
difficult to tell what patient is normal or not nor- 
mal, whereas if we had a vital capacity or maxi- 
mum breathing capacity taken on the patient him- 
self at some prior time when presumably his lungs 
were normal, we would have a much better idea 
whether disease has affected him or not. I don’t 
know how feasible it is in industrial medical prac- 
tice to get this type of measurement, but I per- 
sonally think that it would be very worthwhile. 

Many of the tests Dr. Wright described depend 
a lot upon the cooperation of the patient. It is true 
that arterial changes 
independently of any willingness on the part of the 
patient, but the degree to which he is willing to 
push himself is very important. The vital capacity 
and the maximal breathing capacity depend ob- 
viously upon voluntary cooperation. 


saturation during exercise 


I would like to take this opportunity to agree 
with Dr. Sosman about the value of the physical 
examination. I do not know how many of you have 
read about the tests that were carried on at the 
Cardiff Pneumoconiosis Research Station in Wales 
a year or two ago.2 Some of the men in this out- 
standing station were dissatisfied with 
what they could deduce from a patient’s physical 
examination, and they invited a number of Pro- 
fessor Christie’s experts to come from London and 
examine the 
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same patients. These patients had 
emphysema or massive pulmonary fibrosis resulting 
from pneumoconiosis occurring in coal workers. 

Since time is short, I will only say that the physi- 
cians were dismayed by how often they disagreed 
on physical signs even in patients with advanced 
pulmonary disease. They just did not agree at all. 
So, not only should a physician throw away his 
stethoscope, but also he may as well not bother to 
percuss or inspect the patient. 

I should not close on such a pessimistic note, as 
I would like to say that many researchers in this 
field believe there is hope in the development of 
objective tests of the type which measure the 
mechanical properties of the lung, the elastic prop- 
erties and the resistance to breathing. These 
studies are relatively in their infancy. They have 
not been to any great extent applied in patients 
with industrial pulmonary disease. I will close by 
saying that we need humility in our study of pul- 


monary disease, but still we should continue trying 
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in 
PAUL CARTIER, M.D., Thetford Mines, Quebec, 
Canada 


Instead of giving the usual clinical descrip- 
tion of asbestosis as mentioned in the pro- 
gram, which description may seem to many 
a matter of personal impression and there- 
fore controversial, I prefer to bring to your 
attention a series of remarks and comments 
collected during my nine years of medical 
supervision of some 4000 asbestos mining 
workers. 

From 1945 to 1953 the annual medical 
and x-ray examination of the asbestos work- 
ers, along with the histological study of 58 
autopsy cases, permitted the detection of 128 
cases of asbestosis; 40 of the patients are 
already dead—and autopsies have been per- 
formed—and 8&8 are still living. 


Table 1 gives the age-group distribution 
and the classification by degree of asbestosis 
in the 128 cases. You may see that there are 
72 cases of minimal, 35 cases of moderate, 
and 21 cases of advanced asbestosis. The 
age distribution indicates that 16 workers 
are 70 years and over—one worker with far 
advanced asbestosis is 84 years of age and 
still living—and 66 workers are 60 years 
and over. 

First, it seems indicated to explain how 
the diagnosis of asbestosis has been made in 
these 128 cases. One hundred twenty-one 
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cases have been diagnosed by roentgenology, 
and 33 of these 121 cases have been con- 
firmed by the pathological study of the lungs ; 
so we can say that 33 cases have been diag- 
nosed by x-ray and histological interpreta- 
tion. The remaining seven cases have been 
diagnosed by pathological study only, having 
been missed on the reading of the standard 
chest films; but it is important to add that 
these seven cases are cases of minimal asbes- 
tosis. Without going into a too long discus- 
sion of the effectiveness or the superiority 
of roentgenology over histopathology or 
vice versa for making a diagnosis of asbesto- 
sis, | should like to add the following re- 
marks. 

We have to admit that the roentgenologi- 
cal interpretation might fail to detect cases 
of minimal asbestosis, but from personal ex- 
perience and from repeated contacts with 
Gardner, Sampson, Robert, Bristol, Vorwald, 
and Pratt, I can say that no cases of asbesto- 
sis of clinical importance have been diagnosed 
by the pathologist without having been de- 
tected anteriorly by the roentgenologist. I 
do not know whether a similar statement is 
true for employees of the asbestos textile 
industry, where apparently the x-ray pat- 
tern of asbestosis is fainter than the one 
found in the asbestos mining industry. 


is about the wide 
discrepancy in the appreciation of the degree 
of asbestosis by different pathologists. In a 
few instances, cases which looked like mini- 
mal asbestosis to one pathologist have been 
classified as advanced asbestosis by another 
pathologist. With the increasing number of 
autopsies for old employees and with the 
recent use of the lung biopsy and the lung 
resection in asbestos workers, we may assume 


A second comment 
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1.—Thetford Mines Survey, 1945-1953 


Distribution of 128 Cases of Asbestosis by 
Age Groups and by Intensity 


Age Groups, Yr. 


70 and 
35-49 50-59 60-64 65-70 Over Total 
Minimal 20 a4 8 ll 9 72 
asbestosis 
Moderate 2 ll 13 5 4 35 
asbestosis 
Advanced 0 5 10 3 3 21 
Total 22 40 31 19 16 128 


that there will be more instances in which 
pathologists will differ in opinion among 
themselves and will not agree with the roent- 
genologist in the estimation of the amount 
of asbestotic fibrosis present. This lack of 
agreement is very confusing in any medical 
study, but it is still more confusing before 
a compensation board. 

For practical purposes, it is of great im- 
portance that a solid roentgenological classi- 
fication of the cases of asbestosis, correlated 
with the histopathological findings, be recog- 
nized and accepted by all those concerned 
with this problem of asbestosis, because the 
chest film must be considered as an essential 
criterion in making a diagnosis of asbestosis 
and, notwithstanding the limitations of the 
chest films in some exceptional minimal cases, 
this tool remains more objective and more 
adequate than any other presumptive criteria. 

Table 2 shows the seven main causes of 
death in the 40 cases of asbestosis that have 
been autopsied; 12 patients have died from 
evolutive tuberculosis, 5 from coronary 
thrombosis, 10 from cardiovascular diseases, 
4 from cor pulmonale, 6 from bronchogenic 
carcinoma, 2 from bronchopneumonia and 
bronchiectasis, and the last one from cancer 
of the brain. 

In reading this Table, the first question 
which comes to mind is: To what extent is 
this enumeration of causes of death different 
from a similar enumeration for a comparable 
group of employees from another industry ? 
Unfortunately, I do not know whether there 
is a marked difference, and I did not have 
the opportunity to discuss this Table with 
other physicians or to compare it with a 
similar one which may exist in the medical 
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literature. Nevertheless, briefly, 1 want to 
review these causes of death, trying to investi- 
gate the part played by asbestosis in the 
death. 

It is true that 12 cases, or 30% of the 
deaths, were caused by an evolutive tuber- 
culosis; this incidence may seem too high, 
but knowing that a more complete statistical 
analysis of all the employees in the asbestos 
industry made in 1950 did not reveal a higher 
incidence of tuberculosis than in a control 
group or a severer evolution of the tuber- 
culosis, this rate of 30% is not in itself suf- 
ficient to establish a causal relationship be- 
tween asbestos-dust inhalation and_tuber- 
culosis. 

Considering the second cause of death, 
coronary thrombosis, it is difficult to explain 
how a minimal or a moderate asbestosis 
could contribute to the formation of a throm- 
bus in the coronary circulation, and, conse- 
quently, I am inclined to estimate these five 
deaths as not related to the factor asbestosis. 

The third cause was cardiovascular dis- 
-ases. It is not so simple to say how many 
of those employees have died from their 
cardiovascular disease and how many have 
died from their asbestosis. 

The fact that most of the employees who 
have died from cardiovascular diseases were 
60 and over and the fact that statistics men- 
tion that 65 to 70% of the population of the 
same age are also dying from cardiovascular 
diseases should be taken into consideration 
before arriving at a conclusion. 


TaBLe 2.—Thetford Mines Survey, 1945-1953 


Causes of Death in a Series of Forty 
Cases of Asbestosis 


Minimal Moderate Advanced 
Asbes- Asbes- Asbes- 
tosis tosis tosis Total 
Evolutive tuber- 5 7 0 12 
culosis 
Coronary throm- 1 4 0 5 
bosis 
Cardiovascular 3 4 3 10 
diseases 
Cor pulmonale 0 1 3 4 
Bronchogenice 3 1 2 6 
earecinoma 
Bronchopneumonia 2 0 0 3 
and bronchiee- 
tasis 
Other cause 1 0 0 1 
Total 15 17 8 40 
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In a few borderline cases in which it was 
difficult to appreciate clearly the role played 
by the asbestosis and the role played by the 
cardiovascular pathology, the different car- 
diologists consulted were of the opinion that, 
unless the asbestotic fibrosis is extensive 
enough to produce pathological or clinical 
signs of right heart failure, it is impossible 
to tell with some certainty that the fibrosis 
has contributed appreciably to the death, 
especially if there are evident signs of ad- 
vanced degenerative diseases. 

In practice, this group of employees with 
cardiovascular diseases and a minimal or a 
moderate degree of asbestosis is becoming a 
serious problem as far as the compensation 
aspect is concerned. Without too much im- 
agination and from the findings of an in- 
creasing number of autopsies on old em- 
ployees, we can assume that there is a large 
unknown number of employees who have a 
minimal amount of asbestosis and who, most 
likely, will later on also present a cardio- 
vascular disease. Then, unless definite cri- 
teria are developed to estimate objectively 
the harm produced by the asbestosis and the 
harm produced by the cardiovascular process, 
obviously those cases will remain embar- 
rassing to appreciate correctly both by the 
clinician and by the compensation boards. 

I have purposely separated from the 
cardiovascular group the four cases of cor 
pulmonale, because these four deaths seem 
quite evidently related to the presence of 
asbestosis. There are also the cases of two 
other workers who although they died from 
bronchogenic carcinoma and _ asbestosis 
showed evident signs of right heart failure. 
Therefore, we can say that in six cases of 
asbestosis cor pulmonale developed and the 
patients died from their asbestosis. 

The following group of six cases of bron- 
chogenic carcinoma present a special interest. 
Without going into any discussion of this 
problem of possible relationship between 
asbestosis and pulmonary carcinoma, I just 
want to say that there are also seven other 
patients with bronchogenic carcinoma among 
the employees who did not have asbestosis. 
Moreover, a general statistical survey of all 
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employees in the industry does not seem to 
indicate any statistical evidence of a causal 
relationship. Therefore, the part played by 
the asbestotic fibrosis in Group 5 remains 
questionable. 

The two patients who died from broncho- 
pneumonia and bronchiectasis most likely 
died from this pathological process rather 
than from their minimal asbestosis. The last 
patient died from cancer of the brain. 

In summary, in my personal opinion, six 
patients quite obviously died from asbestosis, 
and the other 34 developed a lesion which 
could very well be considered as the cause of 


TaBLeE 3.—Thetford Mines Survey, 1945-1953 
Clinical Status of Eighty-Eight Living Patients 


with Asbestosis 
Minimal Moderate Advanced 
Ashes- Asbes- Asbes- 
tosis tosis tosis 
Mild symptoms........... 11 3 2 
Moderate symptoms...... 8 9 3 
Severe symptoms......... | 2 
57 18 3 


not know the role 
played by the asbestotic fibrosis. 


death, although we do 


Table 3 gives the clinical status of the 8S 
living patients with asbestosis. In analyzing 
this Table, | have to admit that we cannot 
be too certain of the classification of the cases 
of asbestosis into minimal, moderate, and 
advanced, because there is a significant dis- 
crepancy between the roentgenological and 
the pathological classification. Here the classi- 
fication is based on a roentgenological appre- 
ciation, and likely the histopathological classi- 
fication would be different. 

A second important reason why this Table 
may look highly questionable is that it is 
quite impossible to evaluate clinically the 
respiratory function of a group of employees 
when a large proportion of those employees 
are 60 years of age and over and when they 
present at the same time other diseases that 
may impair the respiratory function to the 
same extent that asbestosis might do. 

Obviously at that age there are many 
factors other than asbestosis which could 
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influence the cardiorespiratory function, and 
these factors could explain very well why 10 
patients with minimal asbestosis are present- 
ing moderate and severe symptoms while 5 
with advanced asbestosis have no clinical 
symptoms. 

With all its limitations, this Table seems 
to prove at least one thing, that the clinical 
status of 36 minimal, + moderate, and 3 
advanced cases is good and that a total of 
59 asbestotic employees are able to work 
without any discomfort—I mean those in the 
first two groups. 

For the remaining 29 cases, no good cor- 
relation between the degree of asbestosis and 
the clinical status has been found. There is 
a better correlation between the age of the 
employees and the clinical status, showing 
the role played by the age. 

This Table may also demonstrate indirectly 
that too many similar tables giving clinical 
data, such as cough, expectoration, and 
weight, cannot prove too much. 

‘To summarize, | believe that asbestosis is 
a serious disease in some instances, but more 
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frequently it remains a disease which can be 
tolerated quite well for many years, even 
without appreciable symptoms, as long as 
another serious disease does not supervene 
to cause death. 

On the other hand, in practice, this dis- 
ease may look more serious and cause impor- 
tant medicolegal problems if a too scientific 
medical concept or a too liberal social inter- 


pretation is accepted by the medicolegal pro- 


fessions, labor and compensation bodies. As 
a matter of fact, if the least amount or a 
minimal amount of asbestotic fibrosis is 
interpreted as asbestosis, “occupational dis- 
ease,” and, more so, if the compensation 
hoards decide to apply the aggravating factor 
clause, notwithstanding any effective dust- 
control program, the problem will remain 
unnecessarily serious for many years to come. 

The combined effort of pathologists, 
physiopathologists, roentgenologists, cardi- 
ologists, and clinicians is needed to orientate 
any research program and to bring answers 


to the many unknown aspects of asbestosis. 
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as Differentiated from 


Other P neumoconioses 


O. A. Sander, M.D., Milwaukee 


The preceding discussion has shown that 
the roentgenological appearance of a well- 
defined asbestosis is quite distinctive and that 
it differs materially from any of the other 
pneumoconioses. For that reason, I shall not 
limit my part of the discussion to the differ- 
ences between this disease entity and the 
other dust diseases but shall include other 
conditions of the lungs which may be mis- 
diagnosed as asbestosis. 

The first and commonest cause of mis- 
diagnosis is poor film technique. A perfectly 
normal chest can be made to look like one 
with definite first-stage asbestosis by slight 
underexposure, by lack of contrast, and by 
blurred vascular markings due to too long 
exposure time. Such films are especially 
common in overweight persons, the heart 
shadow usually being horizontal and often 
presenting a shaggy appearance due to com- 
pression of the vascular shadows in the lower 
lobes. Films lacking proper penetration, 
sharply defined detail, and lack of contrast 
should be rejected for the diagnosis of any 
occupational disease of the lungs but par- 
ticularly of asbestosis. 

Another condition which causes diagnostic 
trouble at times is emphysema due to any 
cause, when there are one or more adhesions 
of the diaphragm due to past pleurisy. The 
“ground-glass appearance” is very easily read 


Read in the Symposium on Occupational Diseases 
of the Lungs, sponsored by the Massachusetts Medi- 
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into such a film. When to this are added 
some retained secretions in the lower lobes, 
which often are bronchiectatic in emphysema, 
the misdiagnosis is established. 

A pneumoconiosis of which we have be- 
come increasingly aware in recent years is 
that due to excessive deposition of coal dust. 
It appears quite certain now that free silica 
is not needed as an essential component of 
the dust to develop the characteristic changes. 
The fine lacy character of the shadows plus 
some emphysema gives a pattern which looks 
very much like “ground glass” and is easily 
mistaken for early asbestosis. 

All these examples I assume represent pa- 
tients who present themselves to their physi- 
cians with symptoms of dyspnea, with a his- 
tory of some exposure to asbestos dust, and 
with chest films of the character I have men- 
tioned. How easy it is to fall into the trap 
of a gunshot misdiagnosis! Unless other pos- 
sible causes for the x-ray changes are con- 
sidered first and a detailed past occupational 
history is evaluated, along with the char- 
acter and extent of the most recent dust ex- 
posure, another worker who actually needed 
reassurance will be told that his lungs are 
full of asbestos dust and that he should quit 
his trade! From that point on, his symptoms 
usually increase to a marked degree, and he 


_ has developed what to him is a real disability. 


In my experience, such doctor-induced dis- 
ability is commoner in some areas than is the 
disability from the disease itself. 

Because of the complete lack of unanimity 
of opinion about this disease among physi- 
cians and because of the need for more 
clearly defined criteria for diagnosis and ad- 
vice on continued employment in the trade, 
the medical and industrial hygiene advisers 
of members of the Asbestos Textile Institute 


have set up a so-called Air Hygiene Com- 
mittee. This committee has met on several 
occasions to determine whether those who 
are most intimately associated with this dis- 
ease can agree on the various medical and 
hygiene phases of the problem. 

At the last meeting, each medical member 
of this committee brought with him sample 
films of the various stages of asbestosis, in- 
cluding some he had classified as essentially 
negative. All films were reviewed by the eight 
physicians who were present. We found 
fairly good agreement on the more advanced 
stages of asbestosis but practically none on 
the borderline degrees. A number of my 
films from the textile mill in North Carolina 
for which I am consultant, representing cases 
which I had classified as “early or first-stage 
asbestosis,” were called “essentially negative” 
by a number of physicians present who had 
had long experience with this disease. The 
reverse also was true ; some films I had called 
negative which others thought represented 
first-stage asbestosis. The same disagreement 
was found with the other films which were 
presented. It was our final conclusion that 
it is impossible to clearly define a first-stage 
case and that it can be called “essentially 
negative” one day and “first stage” the next 
by the same reader. This was not new. It 
has been emphasized repeatedly by Pender- 
grass, beginning in 1938. 

Our group finally agreed that little atten- 
tion should be paid to the first-stage diag- 
nosis, that little, if any, disability has been 
shown to exist with the borderline stages, 
that no one should be advised to stop work 
with these questionable degrees of change, 
and that workers should be kept at their reg- 
ular jobs but the dust control should be so 
improved that their cases will not progress 
to the stage where everyone agrees that they 
have asbestosis. 


Regarding recommendations of transfer to 
less dusty or nondusty work, we agreed to 
the following : 

1. Persons under 40, when the diagnosis 
is clear cut (beyond first stage), should be 
moved to a nondusty job if possible. 
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2. Where progression is seen on serial 
films, regardless of age, less dust exposure 
is clearly indicated. 

3. Exceptions should be made if there will 
be material improvement in dust control on 
the present job within a very short time. 


I have deviated from my assignment of 
differential diagnosis, because the diagnostic 
criteria are so intimately associated with it. 
Until we have some agreement on x-ray in- 
terpretation, the present chaotic state of af- 
fairs will continue. 

In the differential diagnosis, it is my be- 
lief that a new approach is essential, not only 
with asbestosis but also with nonoccupa- 
tional diseases as well. Because textbooks 
in medicine are written by diseases, each fol- 
lowed by a listing of other diseases which 
must be differentiated from it, the disease 
itself becomes fixed first in the diagnostician’s 
mind. He says to himself, “This is it,” and 
he pays only cursory attention to the diag- 
nostic criteria of the disease and to the dis- 
eases from which it must be differentiated. 
A more scientific approach would be to list 
all the conditions and diseases which are 
compatible with the x-ray pattern which the 
patient presents and then, after a complete 
and detailed medical and occupational his- 
tory, physical examination, and laboratory 
studies, to see which of the positive findings 
more closely fit the listed diseases. 


I should like to cite a case which undoubt- 
edly would not have been misdiagnosed had 
this approach been used. 


A railroad shop repairman, aged 57, had to stop 
work because of increasing shortness of breath 
several years ago. Cyanosis and dyspnea became 
progressively worse, and he died of anoxia and 
right heart failure several months ago. His work 
in the railroad shop included welding, unpacking, 
and repacking asbestos insulation around locomo- 
tive boilers and doing some fitting and grinding. 
The chest x-ray film showed a diffuse mottled and 
micronodular pattern in both lungs, and compressed 
lower lobes due to high position of the diaphragm, 
with numerous annular shadows of less density 
scattered throughout both lungs. Asbestosis was 
diagnosed by the man’s physician, because there had 
been some asbestos-dust exposure, because he had 
always heard that the x-ray pattern of asbestosis 
was rather bizarre (and this certainly was), and 
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because it did not look like the siderosis of welders 
about which he had read something recently. The 
degree of asbestos-dust exposure was not inquired 
about (it was spasmodic and minimal). Other 
diseases and conditions of the lungs were not con- 
sidered. The annular shadows should have brought 
emphysematous blebs or air cysts into the differen- 
tial diagnosis, as well as the granulomatous diseases. 
Miliary tuberculosis had to be ruled out as well as 
berylliosis with emphysema. Sarcoidosis also had 
to be considered, although the annular shadows 
were against it. After definitive study, the diagnostic 
possibilities should have been reduced to emphy- 
sematous blebs plus pneumonitis or polycystic dis- 
ease plus pneumonitis. Also, there were none of the 
characteristics of asbestosis and no pleural involve- 
ment. 


After postmortem study the diagnosis was 
clarified—a_ widespread 
lung, with interstitial fibrosis due to long- 
standing infection. 


congenital cystic 
The cuboidal and col- 
umnar epithelium lining of the cysts is note- 
worthy. Also, there was complete absence 
of anything resembling asbestosis bodies, an 
absence of pleural thickening, and no evi- 
dence of any hyaline fibrosis. Even with this 
clear-cut postmortem evidence, the physician 
who originally made the diagnosis still be- 
lieves that this was a case of asbestosis and 
is sending the tissue slides to various pathol- 
ogists. He should be convinced soon that he 
most likely was wrong, which will be most 
embarrassing to him. 

This case, along with many others which 
could be cited, clearly points up the néed to 
consider all possibilities in cases presenting 
bizarre x-ray patterns. Each case must have 
painstaking study, including not only the im- 
mediately preceding occupational history but 
also a history of every job from the first 
one on. An example is a foundry worker 
with a chest film which was characteristic 
of a moderately well-developed asbestosis. 
Careful study of the occupational environ- 
ment revealed no possibility of asbestos ex- 
posure in this shop. More detailed early 
occupational history revealed that the man 
had been a plumber’s helper during the late 
teens and early twenties, doing all the sawing 
of asbestos pipe coverings, usually in con- 


fined basement rooms. 
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When the most detailed analysis and study 
will not reveal the true diagnosis, which hap- 
pens in occasional cases, taking a biopsy spe- 
cimen of the lung should be considered. This 
has become a rather simple procedure with 
little danger of complications. It must be 
remembered, however, that because of the 
relatively small piece of lung usually ob- 
tained for biopsy, there always is some dan- 
ger that the diagnostic pathological change 
will not be revealed. 

In conclusion, as with all chronic chest 
diseases, so especially with asbestosis, all 
possible causes of the pathology revealed by 
the chest film must be considered. Poorly 
studied cases result in misdiagnoses which 
not only are embarrassing to the physician 
but which may also cause irreversible harm 
to the patient. We owe it to our patients and 
to the medical profession to so thoroughly 
investigate every obscure case that such un- 
fortunate situations do not arise. 


DISCUSSION 

Dr. Kart T. Benepict, West Boylston, Mass. : 
It is a privilege to substitute for Dr. Harriet 
Hardy; she has helped me many times, but a sub- 
stitute is always a “second.” The assignment is 
“the differential diagnosis.” I have had no experi- 
ence with asbestosis and, furthermore, I believe 
that experience with most pneumoconioses, as seen 
today, is gained only after 20 to 30 years’ study, 
because it often takes that long to produce such 
disease. 

In spite of the foregoing, I believe I am qualified 
to make certain remarks, because [I have been 
practicing industrial medicine for 15 years in one of 
the world’s largest artificial abrasive plants. Since 
1940, we have taken more than 25,000 chest x-rays 
on some 5,000 abrasives workers. From 1911 to 
1940, except in rare instances, we simply did so- 
called routine physical examinations. 

I agree with Dr. Sosman that the physical exami- 
nation is not worth very much in these circum- 
stances. Thanks to Phil Drinker and others, dust 
control is much better in our plants today. In one 
large plant our dust counts run consistently 
3,000,000 to 4,000,000 particles per cubic foot. We 
handle a great variety of dusts, for that is our 
business, and sate handling is essential. 

Recently at the Seventh Saranac Symposium, 
several world-renowned authorities on pulmonary 
diseases attempted to define pneumoconiosis. I shall 
not. There was no definition there either. Instead 


there were minority and majority reports. One 
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group insisted that pneumoconiosis simply means 
dust in the lung. The other group restricts it to 
those conditions producing demonstrable disability. 
The hitch is, Who demonstrates the disability? The 
roentgenologist sees nodular fibrosis in the x-ray 
film; that is pneumoconiosis to him. At once, or 
sometimes much later, the industrial physician and 
hygienist set about to correct conditions to prevent 
progress of the pneumoconiosis or development of 
new cases. Later, though the worker still may not 
know of his trouble, the family physician has diffi- 
culty clearing an ordinary chest cold or the surgeon 
is faced with anesthesia worries. The occupational 
disease or the health department specialists in our 
state government want reports when “injury” has 
resulted. Compensation and insurance authorities 
talk about the number of pneumoconiosis cases, 
based upon those workers whose earnings have 
suffered. The compensation lawyer appears later 
in the picture, and alas sometimes the last, the 
pathologist, may be the first in proving that a case 
of tuberculosis or cancer is in reality pneumo- 
coniosis. 

I believe we all know when the man is suffering 
from pneumoconiosis, whether we be laymen or 
physicians. What he wants to know is, What is 
wrong? What can be done about it? Is he perma- 
nently disabled? Is his life shortened ? 

There can be only one answer: not better diag- 
nosis or differential diagnosis or function studies 
but adequate dust control. Since different dusts 
require different degrees of dust control, witness 
the different effects from inhaling small amounts 
of aluminum (therapeutically) and beryllium or 
radioactive dusts. There is, therefore, good reason 
for you and me to continue to study pneumoconioses 
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and their differential diagnosis. We in the abrasive 
industry are continuing this research. Specifically, 
we believe that under reasonable control alumina 
dust is no problem. You have heard of the “carbo- 
rundum lung” no doubt; this is an unjust label, as 
my good friend Dr. Eddy, of the Carborundum 
Company, well knows, for Carborundum is just a 
trade name for the fusion product, silicon carbide. 
Furthermore, just what disease, disability, or path- 
ology silicon carbide per se will produce in man 
has never been proved conclusively, I believe. It 
is entirely possible that this lung condition is caused 
by significant free silica contaminations. Further 
study is needed, and we intend that it shall be made. 

Shaver’s disease has been mentioned before. In 
spite of several years’ research tending to prove that 
alumina fume is the cause, there are those who 
believe that silica fume is to blame. Industry is 
somewhat discouraged by the inconclusive nature 
of these and similar medical studies. 

We all know about the problems related by beryl- 
lium and radioactive dusts. On the other hand, 
our concepts of clay and tale pneumoconioses have 
changed in recent years. And what do we know 
about zirconia or titania or magnesia or boron 
carbide or graphite dust inhalation? In our industry 
organic substances have caused only two minor 
cases of asthma. And we have seen no cases of can- 
cer of the lung among our abrasives employees. 

In conclusion, our goal is not a specific M. A. C. * 
figure but maximum dust control to eliminate all 
pneumoconioses. This goal is not easily attainable. 
Adequate differential diagnostic knowledge 
help us to achieve it. 


will 


* Maximum allowable concentration. 
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i opments in the Sampling 


THEODORE HATCH, S.M., Pittsburgh 


The ultimate purpose of sampling and 
analysis of air-borne dust is to obtain the 
necessary information concerning the nature 
and magnitude of dust exposure from which 
to predict the kind and extent of health 
hazard that might result from inhalation of 
the dust by exposed workers. The adequacy 
of the method of sampling and of the ana- 
lytical technique used to study the collected 
dust must be judged, therefore, in terms of 
biological rather than physical criteria. In 
a sense, the physical sampling device is used 
as a substitute for man as a dust collector, 
and the physical and chemical methods of 
analysis are selected to give information of 
biophysical and biochemical significance. 

This requirement to provide data in a form 
to permit biological interpretation has been 
recognized from the beginning of quantita- 
tive studies of dust hazards. Thus, Green- 
burg, Bloomfield, and other early investiga- 
tors pointed out significant biological ditfer- 
ences between dust concentrations measured 
in terms of count and weight; they showed 
the need for rejecting nonrespirable particles 
in the analysis, for determining the particle- 
size distribution in dust samples, and for 
estimating average dust concentrations over 
many years of exposure. The impinger tech- 
nique and other methods of dust analysis 
were accepted by these workers only on the 
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basis of their demonstrated capacity to mea- 
sure dust hazards. 

The mechanism of action which leads to 
dust damage is complex and undoubtedly 
involves factors that can never be measured 
by physical means, especially when these are 
confined to the study of the dust before it 
gets into the respiratory system. It follows, 
therefore, that there are no absolute require- 
ments which can be set up for dust sampling 
and analysis. As progress is made in our 
understanding of the relationships between 
dust exposure and hazard, new criteria are 
made available against which to evaluate 
analytical procedures. This discussion deals 
with some of the recent developments in this 
connection and suggests the need for certain 
modifications in procedures of dust sampling 
and analysis. 

I, DUST RETENTION IN RESPIRATORY SYSTEM 

Relationships between the physical and 
chemical characteristics of air-borne dust and 
the nature of the dust hazard change in some 
important respects from one kind of dust to 
another. A particular sampling instrument 
may not have universal application, and quite 
ditferent methods of analysis are obviously 
required to meet the variety of needs for 
assessing the various dust hazards. There is 
one common requirement, however, which 
must be met in all situations. Since dust 
particles can produce their damage only after 
being deposited somewhere in the respiratory 
system, it is evident that one should be able 
to predict from measurements on the air- 
borne dust the nature and magnitude of the 
effective dose of dust in the respiratory 
system. One must know what fraction of the 
inhaled dust will be retained and in what 
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part of the respiratory system it will be 
deposited and how the retained fraction 
will differ from the air-borne dust in respect 
to particle size and composition. In particu- 
lar, one must be able to distinguish between 
the separate portions of the material which 
are deposited in the upper respiratory tract 
and those deposited in the alveolar spaces. 
How should the dust sample be collected 
from the air and subsequently analyzed to 
provide these details of information ? 

Dust Collecting Characteristics of 
Human Respiratory System.—tThe selective 
action of the respiratory system in dealing 
with dust particles of different aerodynamic 
sizes is well known. Mineral particles larger 
than 5 to 10u are efficiently trapped in the 
upper respiratory tract in the course of in- 
halation. Such particles, deposited on ciliated 
surfaces of the air passageways, are quickly 
moved upward and, for the most part, 
swallowed. Below 5y, upper respiratory 
efficiency falls off rather rapidly and for 
practical purposes becomes zero at about Ip. 
The percentage of particles which penetrate 
to the alveolar spaces increases with decreas- 
ing size below 54 and reaches a maximum 
at Ip. Over the 1 to 5 range, alveolar 
retention is high, and most of the particles 
which do reach the are retained. 
Below lp, however, alveolar efficiency also 
falls off. This continues down to 0.1 to 0.2,, 
but in the submicroscopic region limited evi- 
dence suggests that alveolar retention rises 
again because of precipitation by the diffusion 
process. With two forces in opposition as 


alveoli 


size decreases below 5y—increasing per- 
centage penetrations of inhaled particles to 
the alveoli and decreasing efficiency of alveo- 
lar retention, an optimum particle size exists 
for alveolar deposition at about Ip. 


Typical industrial dusts include significant 
and varying numbers of particles larger than 
lu, so that the size-selective characteristic of 
the upper respiratory tract plays an impor- 
tant part in determining what fraction of 
inhaled particles in a given exposure reaches 
the lung depths. This fraction may differ 
remarkably from one situation to another. 
Of particular importance in this connection 


is the flocculation which may exist in the 
dust cloud, the extent of which varies widely 
in industrial dusts, depending upon the 
nature of the dust source and the method of 
generation and dispersion into the air. As a 
result of flocculation, fine particles may be 
grouped into aggregates of sufficient size to 
be trapped in the upper respiratory tract and 
thus be made nonhazardous. 

Dust Sampling in Relation to Particle 
Size —Dust sampling methods have not 
made direct allowance for the size-selective 
performance of the respiratory system, nor 
has the importance of flocculation been con- 
sidered. In recognition of their nonhygienic 
significance, particles larger than 5 to 10p 
have been excluded from the dust count, and 
it has been the practice to compare particle- 
size measurements on different dust samples 
to reveal significant biological differences. In 
the light of present-day knowledge, however, 
these are not enough, and instead it has been 
suggested * that the dust collecting charac- 
teristics of the sampling instrument should 
reproduce to a reasonable degree the charac- 
teristics of the human respiratory system. 
That is to say, the instrument should sepa- 
rate the particles, in the course of collection, 
into two fractions representing, respectively, 
the dust which would be trapped in the upper 
respiratory tract and the remaining portion 
which would be expected to penetrate to the 
alveoli. There is evident need for this in 
the sampling and analysis of pneumoconiosis- 
producing dusts which do their damage only 
in the lung depths. Toxic metal dust, such 
as lead, should be similarly separated during 
collection, since absorption from the alveoli 
is the major route of entry of such materials 
into the circulation. Proper particle-size 
distinction should be of great significance in 
the analysis of exposures to chromate dusts, 
since with this material there is an upper 
respiratory as well as a deep-lung hazard. 
The striking difference in hazard from ex- 
posure to freshly formed cadmium oxide 
fumes and to the dust released in handling 
and packaging of this material from bulk 
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storage indicates how important particle size 
may be in estimating the magnitude of this 
hazard. It is especially important to dis- 
tinguish between upper respiratory and deep- 
lung deposition of radioactive particles. 

The use of a two-stage dust sampling 
procedure was first suggested by Hemeon,' 
who proposed a simple helical tube for the 
collection of the upper respiratory fraction, 
followed by the impinger or other appro- 
priate terminal instrument to capture the 
lung fraction. He emphasized the particular 
need for a first-stage device that would re- 
move particle aggregations without breaking 
them up into finer unit particles, arguing 
that such aggregations are dealt with as 
equivalent large particles in the respiratory 
system. \With more detailed data available 
on the collecting efficiency of the respiratory 
system in relation to particle size,° May and 
Druett‘ have developed a “preimpinger”’ 
with dust-collecting characteristics approxi- 
mating those of the upper respiratory tract. 
This device operates as a centrifugal sepa- 
rator in which coarse aggregates of particles 
are trapped without violent impingement and 
therefore with minimum disaggregation. The 
escaping particles, freed of unitary large 
particles and equivalent aggregates of finer, 
are captured in the terminal instrument, the 
efficiency of which must equal or exceed that 
of the alveoli. Another two-stage instru- 
ment has been proposed by Hamilton and 
Walton.” 

Such a two-stage method of sampling has 
merit for reason of the automatic recogni- 
tion of the influence of particle size upon 
dust retention. Variations in size character- 
istics from one dust exposure to another are 
recognized in such a way that the consequent 
differences in hazard potential are properly 
revealed. 

The chief argument against using such a 
two-stage system is that the dust collecting 
characteristics of the first stage are rigid and 
may not always reflect the behavior of dust 
particles in the respiratory system. It would 
be better, in this view, to collect a single 
sample with high efficiency for all sizes of par- 
ticles and determine the number of particles 
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in each of a series of size classes over the 
appropriate range. With these basic physical 
data, one could then estimate the site of 
deposition and percentage retention in the 
human respiratory system, using any proper 
respiratory performance curves. This is a 
time-consuming procedure and, in fact, it 
could give only approximate results. It is the 
aerodynamic size which must be recognized, 
and this is not necessarily directly propor- 
tional to a measured dimension of the par- 
ticle. Shape, density, and degree of aggrega- 
tion are equally important in determining 
aerodynamic size. The preimpinger gives 
equal recognition to all these determinants 
of dynamic size and thus provides a better 
means for distinguishing between the upper 
respiratory and the lung fractions of dust. 

Among recent developments in dust sam- 
pling and analysis, the suggested procedure 
of two-stage sampling is of particular interest 
and should receive active attention by indus- 
trial hygienists. 


II. CORRELATION OF DUST CONCENTRATIONS 
WITH HAZARD 


Experience with the Greenburg-Smith im- 
pinger technique in the extensive series of 
studies of dusty trades by the U. S. Public 
Health Service demonstrated a reliable asso- 
ciation between dust concentrations so meas- 
ured and the attendant hazard. 
During the more than a quarter century 
in which this instrument has been used, a 
vast amount of information on dust concen- 
trations in industry has been accumulated. 
In view of this great investment, one cannot 
casually suggest changes in the technique of 
sampling and analysis. Some recent studies 
of impingement-type instruments, however, 
raise proper questions regarding the use of 
this method of sampling. 


silicosis 


Davies and associates * have shown that 
particle aggregations are broken up during 
passage through all types of impingement 
instruments. Among the standard instru- 
ments, they concluded that the Greenburg- 
Smith impinger possesses certain important 
advantages because of its use of a liquid dust 
collecting medium. Its collecting efficiency 
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is high for particles down to Ip, but for 
smaller particles it drops off rapidly. In 
contrast, the thermal precipitator maintains 
its high efficiency down into the submicro- 
scopic region. Because of disaggregation. 
however, the impinger dust count may exceed 
by many times the count obtained by the 
thermal precipitator, despite the higher effi- 
ciency of the latter instrument. Thus, com- 
parative concentrations in a coal dust cloud 
were found by Davies to be 7 to 8 times 
greater by impinger than by thermal precipi- 
tator. Disaggregation in the impinger can 
result in seriously misleading measurements 
of dust concentration in exposures from the 
handling of bulk materials, as, for example, 
in shoveling, dumping, or bagging of ground 
silica. In large measure, the use of the 
May‘ preimpinger would take care of this 
difficulty, since aggregations of particles 
would be removed before reaching the 
terminal instrument. 

The drop in impinger collecting efficiency 
below lp may not be serious, since alveolar 
efficiency also decreases in this region. With 
the standard low-power counting technique, 
however, particles smaller than lp generally 
escape detection. These particles are known 
to be hazardous, and since their percentage 
contribution to the total number of particles 
may differ significantly from one kind of 
exposure to another, a question is raised as 
to the dependability of the standard impinger 
dust count. Offsetting this is the demon- 
strated correlation between dust concentra- 
tions, measured by the impinger technique, 
and dust hazard, notable in the granite 
cutting industry and in potteries. A common 
explanation for this apparent inconsistency 
is that within a given industry the impinger 
count provides a useful index of exposure 
because of a reasonably constant ratio be- 
tween the number of particles counted and 
the number of hazardous particles in the 
exposure. 

A practical objection to the extension of 
the particle count below ly» is that many 
particles of nonoccupational origin or of non- 
hazardous nature would thereby be included. 
South African and British workers have 


dealt with this problem particularly in their 
studies of mine-dust exposures. It is the 
practice in the South African gold mines 
to remove such particles from konimeter 
samples by acid washing and ignition. In 
English practice, the thermal precipitator 
count of coal-mine samples (which cannot 
be ignited) is limited to the particles be- 
tween 1 and 5y because of the highly erratic 
number of smaller particles in the samples. 
Impinger samples cannot be treated by acid 
washing and ignition in the manner of the 
direct deposits obtained by konimeter and 
thermal precipitator, and the problem of 
dealing with nonhazardous particles smaller 
than lw» in impinger samples remains un- 
solved. To give meaning to the dust count, 
the composition of these fine particles must 
be determined separately from the analysis of 
the total dust or even of the fraction of total 
respirable dust. 

It is significant to recall that the satis- 
factory correlations between impinger counts 
and dust hazard were obtained in industries 
where exposures were fairly high and haz- 
ards of considerable magnitude existed. In 
this connection, the recent evaluation of the 
konimeter by Beadle ° is of interest. There 
can be no question concerning the valuable 
contribution made by the konimeter to the 
control of silicosis in the South African gold 
mines, despite known inadequacies in the 
instrument. Beadle suggests, however, that 
with the great advances which have been 
made in dust control the konimeter may not 
be adequate for the more refined measure- 
ments of dustiness which are now required 
for the following reasons: the konimeter 
has high collecting efficiency for particles 
above 2p, but because of disaggregation 
during impingement it may give an apparent 
dust concentration in a cloud of relatively 
coarse particles which is significantly higher 
than is obtained with the thermal precipitator. 
On the other hand, because of its rapid loss 
of efficiency with decreasing size below 2y, 
the konimeter count on a fine dust cloud will 
be substantially below the thermal precipi- 
tator count. Two principal sources of dust 
remaining in the gold mines are wet rock 
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drilling, which releases fine dust in a highly 
dispersed state, and ore tipping, the dust 
from which is relatively coarse and un- 
doubtedly contains many aggregates. The 
dust concentration by konimeter is low rela- 
tive to the thermal precipitator count on wet 
drilling, whereas on ore tipping the ratio is 
reversed. Beadle points out that medical 
findings indicate a greater hazard associated 
with the drilling operation, and thus there 
appears to be a negative correlation between 
the measured dust concentration and the 
magnitude of health hazard. In no sense 
does this invalidate the past work with the 
konimeter, but it does illustrate an important 
point, namely, that the needs in respect to 
dust sampling and analysis may change as 
the quality of dust control improves. It is 
obvious — that refined methods are 
required to distinguish between safe expo- 
sures and those with minimal hazard than 
are needed to measure differences between 
gross hazard levels. The foregoing discussion 
suggests that such refinements are obtained 
by giving greater recognition to biological 
than to purely physical demands in_ the 
design of the dust sampling device and in 
the selection of analytical techniques. 


more 


Ill. NEEDS FOR FURTHER CORRELATIONS OF 
DUST CONCENTRATIONS WITH HAZARD 


Standardization of any technique of meas- 
urement tends to resist research into and 
development of better methods of measure- 
ment. Too frequently it is interpreted to mean 
that the standard method was selected be- 
cause of its universal applicability, whereas 
the reverse is more often the cause. That 
is, the more empirical the method, the greater 
is the need for standardization. In the present 
case, the selected method was chosen be- 
cause of its demonstrated capacity to pro- 
vide a useful index of the health hazard 
under the conditions of dustiness in which the 
studies were carried out. Its subsequent ap- 
plication to a wide variety of dust exposures 
implies, in effect, that this method of dust 
sampling and analysis is so fundamental and 
complete as to have universal capacity to 
measure dust hazards. Such a generalized 
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conclusion is not valid, and the recent studies 
referred to earlier point to some possible 
inadequacies. Lacking a definition of ab- 
solute requirements, however, one cannot 
accept these limitations as proof that the 
method should be replaced or even modified. 
There is need for further studies of relation- 
ships between measured characteristics of 
dust exposure and extent of health hazard. 
In these studies, as in the earlier ones, new 
methods of sampling and analysis must be 
tried out. 

In the present discussion the need has 
been emphasized for a suitable sampling pro- 
cedure to distinguish between the fractions 
of inhaled dust which would be retained, 
respectively, in the upper respiratory tract 
and in the alveoli. Since these fractions may 
differ one from the other and since both may 
ditfer from the total air-borne dust in respect 
to composition and particle size, new develop- 
ments in methods of dust sampling and anal- 
ysis should include better provisions than are 
now available for the determination of the 
differences in size and in composition of the 
two fractions. 


Considerable progress has been made in 
the control of silicosis. The remaining prob- 
lems of occupational dust disease are more 
subtle and complex than were those from 
which comes much of our present under- 
standing of the pneumoconioses. Past ex- 
perience has demonstrated clearly that quanti- 
tative assessment of dust exposure is an 
essential part in the analysis of the hazard 
and in the diagnosis of the dust disease. 
Continued critical study of methods of dust 
sampling and analysis is required, along with 
continued research into the nature of the 
dust hazard itself, if further progress is to 
be assured. 
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ANNOUNCEMENTS 


Industrial Health Conference, 1955.—Methods of safeguarding workers’ health will be 
the primary subject for discussion at the forthcoming meeting of the American Industrial 
Hygiene Association in Buffalo, April 25 to 28. More than 60 papers will be presented, together 
with panel discussions, committee meetings, and joint meetings with other organizations active 
in the field of industrial health. 

This meeting of the American Industrial Hygiene Association will be concurrent with 
meetings of the American Conference of Governmental Industrial Hygienists, American Asso- 
ciation of Industrial Nurses, Industrial Medical Association, and American Association of Indus- 
trial Dentists. Based on past experience, attendance at the 1955 Industrial Health Conference 
will number in the thousands. 

Experts in the various fields will discuss health aspects of new materials of commercial 
importance, laboratory experiments, air pollution, and radiation. Workers from industry, govern- 
mental agencies, and universities will participate in the exchange of new information and ideas. 

Exhibits and demonstrations will be arranged by companies producing equipment useful in 
the field of industrial hygiene and toxicology. 


Chief Publications Editor Wanted.—The Surgeon General's Office is seeking the services 
of a Chief Publications Editor to assist in the development of the history of the Army Medical 
Department in World War II. The position requires a person with supervisory ability to plan, 
direct, and coordinate the editorial and publication activities related to the approximately 25 
clinical volumes of the history, also in the case of more complex manuscripts to make critical 
editorial review of them to determine their literary quality, their accuracy of documentation, 
: statistics, and interpretation, and the accuracy of quotations and illustrative materials. The 
position is under U. S. Civil Service and pays $7040 a year, with $200 increases every 78 weeks 
up to a maximum of $8040 per annum. Interested candidates should write to the Surgeon General, 
Department of Army, Washington 25, D. C., Attention: MEDCM-CP. 
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NORMAN PLUMMER, M.D. 
and 


LAWRENCE E. HINKLE Jr., M.D., New York 


Today, and on every working day, in this 
country about 2,000,000 employees are away 
from their jobs because of sickness (including 
absence due to accidental injury as weil as 
to illness). This is a huge segment of our 
industrial population. A significant aspect 
of this picture is that during the past 30 years 
the percentage of absentees has been on the 
increase. During this period great changes 
have taken place in the treatment and man- 
agement of disease. As we shall discuss 
later, most of these changes tend to shorten 
illness ; however, the medical profession has 
developed a greater caution in the manage- 
ment of convalescence, and this, of course, 
increases the days of absence. Another and 
perhaps more important factor involving 
absence is the change in the economic status 
of the disabled worker. Today, with higher 
wage levels, with the development of com- 
pany and union benefit and welfare plans, 
with new state accident and sickness com- 


pensation laws, and with increasing participa- 


tion in voluntary accident and insurance 
plans, employees when sick are better able 
to stay away from work. Here we see the 
development of an attitude. We must recog- 
nize that when employees have a greater 
incentive to stay at home they have less in- 
centive to work, and then absence rates go 
up. 


Presented at the Seventh Industrial Health Con- 
ference, Houston, Texas, Sept. 24, 1954. 

Assistant Professor of Clinical Medicine, Cor- 
nell University Medical College, and Medical Direc- 
tor, New York Telephone Company (Dr. Plummer) ; 
Assistant Professor of Clinical Medicine, Cornell 
University Medical College (Dr. Hinkle). 
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The dollar cost of industrial sickness ab- 
sence to employers in the United States is 
a staggering sum. A figure of $10,000,000,000 
per year is probably a conservative estimate. 
We can be more specific about sickness ab- 
sence by giving you some facts and round 
figures that pertain to our Company. In our 
discussion of sickness absence we are includ- 
ing all absences resulting from both sickness 
and accidental injury, occupational and non- 
occupational, and absences of both long and 
short duration. We are not including vaca- 
tions, excused absences for jury duty or 
personal reasons, or absences for maternity 
leave or other nondisability leaves. The New 
York Telephone Company employs about 
75,000 persons—about 50,000 women and 
25,000 men. During an average working day, 
because of sickness, we have our own army 
of approximately 3000 absentees—about 
2300 women and 700 men. On an annual 
basis these 3000 employees receive about 
$9,000,000 in sickness and accident benefit 
payments. Our workmen's compensation 
costs, above payment for time lost, are about 
$150,000 per year. The cost of our premiums 
for sickness insurance under state law for 
our employees not covered by our benefit 
plan is about $100,000. It costs about 
$700,000 to run our Medical Department, 
and we can estimate conservatively that it 
costs another $500,000 for our Benefit De- 
partment and personnel expenses entailed 
in the managing of our 3000 absentees. So, 
by adding these figures, we find that sickness 
absence costs the New York Telephone Com- 
pany more than $10,000,000 per year. This 
does not include at all the cost of reduced 
productivity which results from the lowered 
working efficiency from having so many 
employees away from work. 

While absenteeism is extremely costly to 
the Company, a substantial sum is also paid 
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by the employee. Our absent employees lose 
about $2,000,000 in wages, mostly for newer 
employees not fully covered by sickness bene- 
fits. They pay perhaps $1,000,000 in doctor 
and hospital bills, in addition to an estimated 
$2,000,000 in hospital and medical insurance. 
These figures are sketchy, but from them it 
can be seen that sickness absenteeism costs 
both the employer and the employee a lot of 
money. 


We have mentioned our army of 300( 
absentees and the lowered working efficiency 
caused by absenteeism. Our figures do not 
mean that 72,000 of our employees have a 
perfect attendance through the year and that 
3000 are continuously absent. Our problem, 
if this were the case, would be tremendously 
simplified. We could easily adjust to this 
situation. Industry can cope quite readily 
with the employee who is seriously ill, out 
continuously, and then back at work. The 
most difficult absentee is the “in and outer” 
or the “repeater” and particularly the one 
who is not very sick. He is the real problem 
case. He is the employee who keeps the 
supervisor at his wit’s end guessing at what 
to expect next and how to plan his work 
loads. 


Returning again to our 75,000 employees 
with 3000 man-years of absence, at 
thought we might expect that this 
is fairly evenly distributed among our 75,000 
employees. “Everyone gets sick; everyone 
has accidents.” This, again, is far from a 
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fact. Actually, in studies that we ' and others* 
have made, it is found that in a given year 
about one-third of the employee group have 
almost a perfect attendance (not a day of 
absence), while the other two-thirds have 
all the absence. The top one-third cause about 
three-quarters of the absence. The very top 
10% cause about 45% of the absence. 

Our employee group of 75,000 have about 
one-quarter of a million absences each year. 
Approximately 25,000 of our employees have 
no absence; the second 25,000 have an esti- 
mated 60,000 absences, while the third 25,000 
have about 190,000 absences. The worst 10%, 
or 7500 of our employees alone, have about 
110,000 absences. From these figures the 
size of the problem in managing 250,000 
absences can be appreciated. Furthermore, 
it can be recognized that it is unnecessary for 
us to direct attention to all 75,000 employees. 
We have found that if we direct our atten- 
tion to 10%, or 7500 employees with the 
highest absence, we are concentrating our 
efforts on a rather small group that account 
for almost one-half of the absences. 

Figures 1 and 2 demonstrate the concen- 
tration of absence in a small segment of em- 
ployee population. In this study we have a 
homogeneous group of 1297 women em- 
ployees, for whom we have studied the ab- 
sence patterns throughout their careers with 
the Company. In Figure 1, for the year 1950, 
we show the group divided into deciles and 
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graded according to the number of absences. 
The lowest decile had no absences, while the 
highest decile had 1586 absences. In this 
group of women employees, the lowest three 
deciles, or 30%, showed 370 absences, or 
less than 6% of the absences, while the 
highest three deciles, or 30%, showed 3680 
absences, or 60% of the absences. 

Figure 2 shows the same group of 1297 
women employees, but it shows days of ab- 
sence rather than times of absence. Again, 
the lowest three-tenths, or 30%, accounted 
for 585 days, or less than 2% of the number 
of days of absence, whereas the highest 
three-tenths, or 30%, caused the loss of 
20,564 days, or 77% of the days of absence. 
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The top 10% alone accounted for 11,784 
days, or 44% of the absence. 

In 1952 our Accounting Department made 
a study of the absence of a group of 7305 
women employees and found that in that 
year 25% of the employees caused 71% of 
the days of absence. 

Having found that in a given year absence 
was concentrated in a small segment of the 
population, we decided to study the absence 
patterns throughout the total periods of 
employment. When we did this, we found 
that the group of employees with the highest 
absence in their first years of service had the 
highest average absence throughout their 
entire periods of service. 

Figure 3 is based again on our study of 
the absences of 1297 women employees 
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throughout their terms of service with the 
Company. This shows the average days of 
absence per year for the entire period of 
service compared with the days of absence in 
the first year. In this group of employees, 
336 had 20 or more years of service. The 
group with 0 to 5 days of absence in the 
first year had an average of 12 days per 
year throughout their entire terms of service. 
The group with 24 to 29 absent days in 
their first year had an average of 27.8 days 
for each year of service. 

In a previous report we stated that a per- 
son may be said to have a characteristic ab- 
sence pattern in the same way that he has 
a characteristic blood pressure, pulse, or 
weight pattern. Also, we added that the ab- 
sence pattern, like the weight pattern, is 
difficult but not impossible to alter. 

From the discussion this far it can be seen 
that employees, not only by the year but 
also by the period of employment, can be 
separated into a low-absence group and a 
high-absence group. We have heard much 
about accident-prone employees. The studies 
show that we have sickness-prone and also 
absence-prone employees. Of course, the 
crux of this whole problem is to identify the 
high-absence employee and to treat the con- 
dition. Before describing the individual high- 
absence employee, so that he or she can be 
identified, we will show some of our year- 
to-year and month-to-month absence curves 
and discuss briefly some of the factors that 
influence them. 

Figure 4 shows the year-to-year percent- 
age of sickness absence to scheduled working 
time in the New York Telephone Company 
from 1923 through 1953. We had a depres- 
sion in the 1930's, hitting a lowest point 
in 1932 and 1933, and the absence curve 
also hit a low level at that time. The years 
1942, 1943, 1944, and 1945 were the war 
years, and they were years of full employ- 
ment and also years of high absence. In the 
years since the war, with high employment, 
absence has remained at a high level but has 
declined from the 1945 peak. 

In this Chart the fluctuations follow known 
changes in economic and social conditions 


SICKNESS ABSENTEEISM 

but do not show a relationship to known 
changes in disease conditions. If this curve 
had been extended back to 1918, however, 
a peak probably would have appeared for 
that year, owing to the great influenza epi- 
demic. 

Earlier we mentioned that the percentage 
of absentees has been on the increase, and 
this is clearly seen in this curve over a 30- 
year period. Again this gradual increase in 
absenteeism has come at a time when the 
over-all health of our people has been im- 
proving remarkably. It has occurred during 
the period when pneumonia and most other 


factors than to medical factors having to do 
with disease morbidity. 

If we magnify a portion of this year-to- 
year curve, we shall see some other important 
fluctuations. Figure 5 is a month-to-month 
curve of percentage of sickness absence to 
scheduled working time in the entire New 
York Telephone Company from 1950 through 
June, 1954. Here we pick up the seasonal 
peaks that come in January and February 
each year, sometimes beginning in December 
and sometimes lasting into March and April. 
These peaks are related directly to the in- 
cidence of colds, influenza, and other acute 
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acute infections have almost disappeared, 
when the deaths from tuberculosis have 
dropped to a very low figure, when diabetes 
has been almost completely controlled, and 
when general health has been improved im- 
measurably by improved diet, antibiotics, 
such hormones as cortisone, and other great 
medical developments of this period. It is 
true that in the industrial population cardio- 
vascular disease, cancer, and nervous and 
mental disease are increasing but not any- 
where near the point where these increases 
offset the decreases mentioned. We can only 
conclude that the increasing number of ab- 
sences is more related to social and economic 


infections and indirectly to inclement weather 
and such other conditions as fatigue following 
the holidays. In 1951 and 1953 in the New 
York area we had small epidemics of in- 
fluenza, and these helped to elevate the peaks 
in these two years. 

In the period from 1951 through June, 
1954, the trend has been slightly downward. 


During this period our management people 
have been giving increasing attention to ab- 
sence control, and we believe that the effect 
of these efforts show in this curve. Also, we 
recognize that the business cycle has changed ; 
business activities have lessened, employ- 
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ment is tighter, and this we suspect is re- 
sponsible for some of the downward trend. 

Figure 6 shows a month-to-month curve 
of sickness absence confined to the women 
employees of one division. We carried out 
studies in this division in 1950 and 1951, 
and Figures 1 and 2 show the concentration 
of absence in a small segment of these em- 
ployees. Our supervisory personnel in this 
division, guided by the findings of our studies, 
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We would like to continue further in 
magnifying this absence curve, but we do not 
have the figures to do so. A week-to-week 
curve would reflect much more clearly the 
effects of small epidemics of influenza and 
other respiratory infections, of snow and ice 
storms, and of other spells of inclement 
weather. Finally, if we plotted our absence 
curve on a day-to-day basis, we probably 
could easily pick out from the peaks stormy 
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have been particularly active in their efforts 
to understand and control absenteeism. Over 
the four-and-one-half-year period there has 
been a decided decline in absence, with the 
1954 per cent of absence running at some- 
what less than one-half of what it was in 
1950. Again this curve shows the seasonal 
fluctuations in absence and shows a decided 
peak in January and February, 1953, when 
there was epidemic influenza in the New 
York area. 
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or very hot days, paydays, and the days after 
holidays. Mondays and Fridays probably 
would stand out. Rather prominently, we 
suspect, would we recognize the day after 
Election Day and the day after an important 
night baseball game. To understand ab- 
senteeism, we must know human nature. We 
do not mean that, after listening all night 
to election returns, employees deliberately 
stay away from work. However, often it is 
off-job activities, rather than the job itself, 
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that aggravate symptoms and illness and 
cause absence. 

Several times we have mentioned that 
sickness absenteeism was influenced by the 
business cycle. Figure 7 shows the close 
parallel between sickness absenteeism in the 
New York Telephone Company and_ the 
curve of industrial activity in the United 
States. In general, the peaks and valleys of 
the latter curve are reflected in the other. 

In studying sickness absence, one of the 
most striking findings that one encounters 
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twice as high for women as for men. In 1953 
our women were losing 4.6% of their work- 
ing time, an average of 12.1 working days, 
while our men were losing 2.5% of their 
working time, or an average of 6.6 days. 
Each year under the direction of W. M. 
Gafafer, of the United States Public Health 
Service, the absence figures in a group of 
representative industries are assembled.° 
Table 1 shows the number of absences per 
1000 employees, for men and for women, 
in the year 1952. In this study women had 


PER CENT OF SICKNESS ABSENCE TO 
SCHEDULED WORKING TIME 


60 
~ 7 _ WOMEN 
w 4 
° < 
we 
w 
oF 
3.0 
MEN $2 
mo EMPLOYEES 2 
Zz 290 
wo Zs 
oa 
« 
10 
fe} | | it | | | | | 
‘a "42 45 ‘47 48 49 ‘so sz 
Figure 8. 


are the much higher rates for women than 
for men. This disproportion, if one considers 
only the medical aspects, cannot be well 
explained. Actually today, in many ways, 
women have better health than men. They 
live longer, they have much less heart dis- 
ease, and the average female employee does 
not have as much physical strain and ex- 
posure to the elements as the average male 
employee. 

Figure 8 shows the year-to-year curve of 
absence in the New York Telephone Com- 
pany since 1939, with a breakdown by men 
and women. Every year the rate is about 
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almost three times as many absences as men 
on account of sickness and nonindustrial 
injuries. The breakdown by some of the dis- 
ease categories begins to throw light on the 
reasons for the marked disproportion between 
men and women. The absences due to non- 
industrial injuries, cancer, and rheumatism 
are about the same number for women and 
for men. Women have less than one-half as 
many absences as men because of heart dis- 
ease. On the other hand, among women ab- 
sences due to respiratory diseases are 3% 
times as high and to “neurasthenia” 10 times 
as high as among men. 


SICKNESS ABSENTEEISM 


1.—Absences per 1000 Persons 
by Cause in 1952 
(W. M. Gafafer, U. S. Public Health Service) 


Men Women 


Total sickness and nonindustrial injuries. 130.9 344.9 
Nonindustrial 16.0 23.2 
10 11 
Rheumatism 3.6 5.7 
5.6 2.1 
Resplratory . 37.9 130.4 


These differences between the rates for 
women and for men show clearly that there 
are factors other than those of occurrences 
of organic disease which are in operation. 
There is a striking economic factor in that, 
as a rule, the woman employee is not the 
“breadwinner of the household.” One can 
clearly see that this circumstance has a bear- 
ing on motivation and, in turn, on attitude 
and, finally, percentage of absence. Social 
and cultural factors have a strong influence 
on absenteeism, and these help to explain the 
difference between the rates for women and 
for men. We still hear it said frequently, 
“Woman's place is in the home.” It is true 
that women take much more responsibility 
for the care of the home and the bringing up 
of the family. The man, as a rule, takes more 
responsibility for his job and earning a liveli- 
hood. Another factor is that, as a rule, 
supervisors are apt to follow different stand- 
ards for justifying absence of women and 
of men. For example, a woman can excuse 
herself by reporting in that she “just is not 
feeling well,” is “feeling nervous and tired,” 


| 


Low ABSENCE } HIGH ABSENCE 


or “has a headache.’ However, excuses for 
nervous symptoms and minor ailments ac- 
cepted for women are not acceptable for men. 
This is all a part of our present-day American 
culture. 

Now we shall go back to a consideration 
of the differences in absenteeism of individual 
employees of the same sex; in other words, 
individual susceptibility. In our study of 1297 
women employees, we found a rather large 
group with little or no absence and a much 
smaller segment with a very high absence. 
Out of the 1297 women we had 336 with 20 
or more years of service, and out of these 
we selected the 20 with the lowest and the 
20 with the highest absence. Each of these 
40 women was interviewed and examined, 


TasLe 2.—Contacts with Medical Department 
Women Employees 


Low- High- 
Absence Absence 
Group Group 
Medical department visits....... 360 2927 
Certificates from private physi- 

di 16 311 
Investigations of illmess......... 15 188 
Frequent illness investigation.... 0 "26 

(8 persons) 
Visits to rest home > 


2 37 
(2 persons) (13 persons) 


and for each we made a careful study of our 
medical records, which in most instances 
went back to an applicant examination some 
20, 30, or more years previously. We wanted 
to find out as much as we could about the 
ditferences between the low-absence and the 
high-absence employee. 

First of all, we found that we had a small 
stack of records for the low-absence em- 
ployee, whereas each record for a_high- 
absence employee was voluminous. This is 
shown in the photograph. 

An analysis of the records (Table 2) 
showed that the 20 employees in the low- 
absence group had 360 visits to the Medical 
Department, while the high-absence em- 
plovees were having 2927 visits. The same 
disproportion was noticed in the numbers 
of certificates from private physicians, tele- 
phone investigations, frequent illness investi- 
gations, and referrals to a rest home. 
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The average age of the low-absence em- 
ployee was 48 years, with 28 years of service 
in the Company. The average age of the 
high-absence employee was 46 years, with 
26 years of Company service. The 20 low- 
absence employees had a total of 667 days 
of sickness absence, while the 20 high-absence 
employees were away for a total of 24,185 
days because of illness (Fig. 9). 


TIME 


INDUSTRIAL HEALTH 
mence to discover one of the more significant 
ditferences between the low-absence and 
high-absence employees. From our interviews 
we know that the low-absence employees 
are not entirely immune to colds and grippe 
and sore throats, but they did not stay away 
from work with each cold or sore throat. 
While some of the difference is a greater 
susceptibility to infection in the high-absence 
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TWENTY LOW-ABSENCE WOMEN EMPLOYEES 
COMPARED WITH 
TWENTY HIGH- ABSENCE WOMEN EMPLOYEES 


NUMBER OF 
OaYS LOST 


26,000 


NUMBER OF 
OaYS LOS’ 


26,00 


24,165 


LOW ABSENCE 


-:- ABSENCE 


24,00 


22,015 


22,00¢ 


20,00 


18,00 


14,000 


12,00¢ 


6,00¢ 


2,170 


4,00c 


2. 
ACCIDENT 


SICKNESS 


TOTAL 


Figure 9. 


Figure 10 shows that the 20 low-absence 
women had 38 accidents, while the 20 high- 
absence women had 124 accidents. The 20 
low-absence women had a total of only 5 
surgical operations, while the 20 with high 
absence had 50 operations (Fig. 11). 

In Figure 12 we see that the 20 low-absence 
women had 35 absences due to respiratory 
infections, while the 20 high-absence women 
had 423 respiratory attacks. Here we com- 
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person, of greater importance is a different 
reaction, a different behavior, which adds up 
to excessive absenteeism in the one group. 
The 20 low-absence women had 7 absences 
due to sore throats and 15 due to colds, while 
the high-absence women had 62 absences 
because of sore throats and 158 because of 
colds. 

Figure 13 shows an even more striking 
example than what may be seen with respira- 
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SICKNESS ABSENTEEISM 

tory infections. In the 20 low-absence em- 
ployees, there was only 1 absence because of 
menstrual and menopausal disturbances, 
whereas the 20 high-absence women had 95 
absences because of these conditions. 


20 high-absence women in their periods of 
service with the Company had 492 absences 
caused primarily by attacks of nervousness, 
tension, anxiety, and hysteria, together with 
two cases of major mental disease. This does 


ACCIDENTS 
WOMEN EMPLOYEES 


LOW-ABSENCE GROUP 
DIAGNOS 


HIGH-ABSENCE GROUP 


INSTANCES PERSONS a DIAGNOSES INSTANCES PERSONS 
FRACTURES 3 3 war FRACTURED SKULL-BRAIN INJURY 2 2 
SPRAINS, SEVERE 3 3 CONCUSSION 2 2 
SPRAINS, STRAINS, MINOR 4 4 45 FRACTURES é 4 
CONTUSIONS, ABRASIONS, MINOR 16 12 ON HERNIATION-NUCLEUS PULPOSUS 1 ‘ 
LACERATIONS, MINOR 3 2 OuTY BURNS, MAJOR 2 2 
BURNS, MINOR 3 2 CONTUSIONS, ABRASIONS, SEVERE 23 9 
FOREIGN BODY IN EYE 1 ' so+ CONTUSIONS, ABRASIONS, MINOR 43 14 
BROKEN TOOTH 1 SPRAINS. SEVERE 9 5 
“NO INJURY® 4 SPRAINS, STRAINS, MINOR 7 " 

LACERATIONS, MAJOR 2 2 
LACERATIONS, MiNOR 
=" BURNS, MINOR 3 3 
OFF FOREIGN BODY IN EYE 3 3 
DUTY ELECTRIC SHOCKS 
INSECT BITES 1 
“NO INJURY” 8 6 

LOW HIGH 

GROUP GROUP 

Figure 10. 
SURGICAL OPERATIONS 
WOMEN EMPLOYEES 
LOW-ABSENCE GROUP HIGH-ABSENCE GROUP 
DIAGNOSES INSTANCES PERSONS DIAGNOSES INSTANCES PERSONS 

APPENDECTOMY 1 1 66. CHOLECYSTECTOMY 2 2 

TONSILLECTOMY-ADENOIDECTOMY 3 3 APPENDECTOMY 8 8 

EXCISION OF SEBACEOUS CYST 1 1 HYSTERECTOMY - OOPHORECTOMY 2 2 

OOPHORECTOMY 4 4 
TONSILLECTOMY ~ADENOIDECTOMY 8 8 
DILATATION AND CURETTAGE, DIAGNOSTIC 4 a 
40 +E COMPLETION OF SPONTANEOUS ABORTION 2 1 
HEMORRHOIDECTOMY 5 3 
EXCISION OF FISTULA IN ANO 1 i] 
EXPLORATION OF SPINE 2 1 
SPINAL FUSION 1 
EXCISION OF SARCOMA OF ARM 1 1 
20 EXCISION OF SEBACEOUS CYST ' 
EXCISION OF MEIBOMIAN CYST 
EXCISION OF CHALAZION 1 1 
5 SUBMUCOUS RESECTION 2 2 
| IRRIGATION OF CALCIFIED BURSA 1 1 
INCISION AND DRAINAGE, ABSCESS 4 3 
Low HIGH 
GROUP GROUP 
INSTANCES 
Figure 11. 


Figure 14 shows clearly what was sug- 
gested in the previous Charts, that the chief 
difference between the high-absence and the 
low-absence employee is the difference in 
degree of susceptibility to the disorders of 
feeling state, thought, and behavior. The 


not include all the nervousness, anxiety, and 
tension that these women had associated with 
respiratory, gynecological, and other systemic 
diseases. The low-absence women had only 
23 absences because of nervous and emotional 
disturbance. 


227 


pe 
RE 
} 
+ 


INDUSTRIAL HEALTH 


RESPIRATORY DISORDERS 
WOMEN EMPLOYEES 


LOW-ABSENCE GROUP 


HIGH-ABSENCE GROUP 


DIAGNOSES INSTANCES PERSONS QIAGNOSES INSTANCES PERSONS 
INFLUENZA 2 2 LOBAR PNEUMONIA ‘ 1 
PERTUSSIS 1 1 BRONCHOPNEUMONIA 2 ' 
CHRONIC BRONCHITIS ' ASTHMA 
CHRONIC TONSILLITIS 4 4 423 BRONCHIECTASIS. 
ACUTE TONSILLITIS-PHARYNGITIS 7 6 oe PLEURISY WITH EFFUSION ' ' 
“COLDS"-GRIPPE 1S HEMOPTYSIS 2 1 
ACUTE SINUSITIS 2 1 PERTUSSIS 2 2 
CHRONIC SINUSITIS~P.N.D. 2 2 320+ INFLUENZA 0 9 
ALLERGIC RHINITIS 1 1 VIRUS PNEUMONIA 3 3 

PLEURITIC PAIN (“DRY PLEURISY) 13 ? 

CHRONIC BRONCHITIS 1 6 

ACUTE TRACHEOBRONCHITIS 4 16 

LARYNGITIS 30 16 

160 + CHRONIC TONSILLITIS 

ACUTE TONSILLITIS-PHARYNGITIS 62 13 

*COLDS"-GRIPPE 158 7 

ACUTE SINUSITIS 39 " 

35 CHRONIC SINUSITIS-P.N.D 8 8 

a ALLERGIC RHINITIS ' y 

EPISTAXIS 1 

B.A an DEVIATED SEPTUM 2 2 
INSTANCES 

Figure 12. 


GYNECOLOGICAL DISORDERS 
WOMEN EMPLOYEES 


LOW-ABSENCE GROUP 70. HIGH-ABSENCE GROUP 
DIAGNOSES INSTANCES PERSONS ; DIAGNOSES INSTANCES PERSONS 
POST-MENOPAUSAL BLEEDING 1 1 UTERINE MYOMATA 3 3 
SPONTANEOUS ABORTIONS 7 3 
METRORRHAGIA, SEVERE 4 4 
MENORRHAGIA 22 8 
DYSMENORRHEA 16 
OLIGOMENORRHEA- AMENORRHEA 1 3 
PREMENSTRUAL EDEMA 1 1 
MENOPAUSAL SYMPTOMS (FLUSHES) 21 12 
EARLY MENOPAUSE (AGE 32) 1 1 
CERVICAL POLYP 1 1 
OVARIAN CYST 5 5 
PARAMETRITIS - SALPINGITIS 4 4 
TRICHOMONAS VAGINITIS 2 2 
POST-PARTUM LACERATIONS 1 


Figure 13. 


The final and most interesting part of 
our study was the interviewing of each of 
the 20 high-absence and 20 low-absence 
women employees. These interviews con- 
firmed much of what we had already dis- 
covered by our analysis of the attendance 
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and medical records. In addition, we found 
that the women in each group had personality 


characteristics of that group. 


The average low-absence employee was 
found to be a happy and contented person. 
She was “outward going” and capable of 
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GROUP 


SICKNESS ABSENTEEISM 

preconceived notions of what she wanted to 
do, From time to time opportunities for pro- 
motion had developed for her, but she felt 
happier with the lack of responsibility and 
the easier hours which she had attained in 
her present position. She had only a few 
outside interests, and her life was a simple 
and orderly one. Her career was her job. 
In the past, when she had been moved from 
one type of work to another or from one 
location to another, she rapidly adapted her- 
self to the change. She was well liked by 


DISORDERS OF 


FEELING STATE, 


children, and she often developed a resent- 
ment toward her family and friends similar 
to that which she showed toward her job 
and her supervisors. When in the past she 
had been transferred from one job to another 
or from one office to another, she had reacted 
with distaste and complaints. She resented 
it when promotions had not been offered to 
her. Because of her unhappiness, she wel- 
comed any legitimate excuse to absent her- 
self from work. Sometimes she seemed to 
tolerate her symptoms and return to work 


THOUGHT AND BEHAVIOR 


LOW-ABSENCE GROUP 
DIAGNOSES INSTANCES PERSONS 


TENSION 8 
ANXIETY 5 
ASTHENIA 3 
3 
3 


MILO DEPRESSION 
INSOMNIA 
BRIEF SITUATIONAL UPSETS 


we wee 


320~ 


160 + 


WOMEN EMPLOYEES 


HIGH-ABSENCE GROUP 


DIAGNOSES INSTANCES PERSONS 
TENSION 126 16 
ANXIETY “ 18 
ASTHENIA 
MILD DEPRESSION 6) 
MAJOR DEPRESSION 1 ' 
NERVOUS BREAKDOWN 
PANIC 
SCHIZOPHRENIA (PARANOID) 
ALCOHOLISM 
“PSYCHONEUROSIS” 
HYPOCHONDRIASIS 
OBSESSIONS - COMPUL SIONS 
PHOBIC SYMPTOMS 
POST CONCUSSION SYNDROME 
INSOMNIA 
ANOREXIA 
HYSTERICAL SYMPTOMS: 

PAINS 

GLOBUS 

APHONIA 

COCCYDYNIA 

ANESTHESIA 

SYNCOPE 


Low 


her associates and her supervisor because of 
her capacity to make friends, her lack of 
complaints, and her pliability with regard to 
her assignments. 

The average high-absence employee, on 
interview, was found to be unhappy, discon- 
tented, and resentful. She had few friends 
and drew little sustenance from the group 
in which she worked. She became easily frus- 
trated and unhappy when she was forced to 
deviate from her goals or her position in life. 
She had many responsibilities outside of her 


job, including those for her home and her 


HIGH 
GROUP GROUP 
INSTANCES 


Figure 14. 


SPASM OF EYELIOS 
FITS 
VOMITING 


but only because of the presence of economic 
necessity. As a rule, she was not liked by 
her associates and her supervisors, because 
she was not friendly, was always complain- 
ing, and was not reliable or pliable in regard 
to her assignment. 

How should industry cope with the prob- 
lem of excessive absenteeism? We offer the 
following suggestions. 

1. The high-absence cases should be iden- 
tified. First of all, the concept of the concen- 
tration of absence in a small segment of the 


population should be fully appreciated. Ac- 
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curate attendance records and careful inter- 
views are the chief methods for identifying 
the cases. 


2. All high-absence cases should be care- 
fully studied, and the causes of absence in the 
individual cases fully evaluated. Again, of 
first importance, is the use of accurate attend- 
ance records and the carrying out of careful 
interviews. 

Medical examinations are important in dis- 
covering or ruling out organic disease and 
also in relating symptoms of functional dis- 
turbance to life situations. A great hazard in 
reaching a medical opinion is to consider each 
cold, headache, fatigue state, or gastrointes- 
tinal upset separately and independently and 
not to appreciate that it is part of a chronic 
and repetitive disease having to do with the 
reactions of the particular person to situa- 
tions and stresses of life. 


3. After having been identified and studied, 
the high-absence employees should be reso- 
lutely managed. This is a difficult but not 
unsurmountable task. It entails proper inter- 
viewing and counseling and sometimes firm 
disciplining of an individual employee. Some- 
times the only solution in an individual case 
is separation from the active payroll. Super- 
visors must be alert, kind, and sympathetic, 
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along with being firm. Management must be 
consistent, flexible, and willing, when neces- 
sary, to help employees alter distressing 
situations. 

4. Finally, we should appreciate that the 
rewards for reducing absence are great. For 
industry, reduced absence means lowered 
costs and increased production. For the em- 
ployee, reduced absence means improved 
morale and, in the end, better health. 

Mr. R. P. Schaen, of the General Statistician’s 
Office of the New York Telephone Company, co- 


operated and assisted in preparing the statistical 
studies used in this paper. 
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Differential Excretion After Administration of Edathamil Calcium and Dimercaprol 
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dathamil calcium (calcium ethylenedi- 
[Ca EDTA] ) 
used for the treatment of lead poisoning, 


amine-tetraacetate has been 
and it has been shown that the amount of 
lead excreted daily in the urine is increased 
up to 40 times that found in the urine before 
administration of the drug.* To the best of 
our knowledge, no information regarding the 
effect of edathamil calcium on mercury ex- 
cretion has been published. In mercury 
poisoning, dimercaprol (2, 3-dimercaptopro- 
panol |BAL]) has been found to increase 
the urinary excretion of mercury while alle- 
viating acute symptoms caused by excessive 
quantities of this metal in the body.+ The 
effect of dimercaprol in lead poisoning has 
also been studied.t In brief, it may be said 
that dimercaprol will temporarily increase 
the urinary excretion of lead, but the failure 
to affect the clinical symptoms due to lead 
and the unpleasant side-effect of the drug 
make it unsatisfactory for treatment of lead 
poisoning. 

In the case herein reported, the effect of 
administering first edathamil calcium and 
then dimercaprol to a patient with occupa- 
tional mercurialism was studied, and meas- 


Division of Industrial Medicine, University of 
Colorado Medical Center. 

* References 1 to 3. 

+ References 4 and 5. 

t References 6 and 7. 


urements of daily urinary mercury and uri- 
nary lead concentrations were made. 


REPORT OF CASE 


On March 31, 1953, Mr. X, a 57-year-old labora- 
tory worker, sought medical care because of periodic 
episodes of alternating diarrhea and constipation, 
cramping abdominal pain, nausea, frontal headaches, 
metallic taste in the mouth, bad odor of the breath, 
and irritability. Physical examination was not re- 
markable except for poor oral hygiene and a siight 
intention tremor of his right hand. Roentgen studies 
of the gastrointestinal tract and the gall bladder 
were normal. Except for a 24-hour urinary excre- 
tion of 0.12 mg. of mercury, the sedimentation rate, 
routine blood and urinary studies, stool, and proc- 
toscopic examination were normal. 

Examination of the working environment showed 
that this man had been exposed to about 1.5 mg. of 
mercury per 10 cubic meters of air for six months 
at the altitude of 5,700 ft. A figure commonly ac- 
cepted as the upper safe limit for exposure during 
an eight-hour working day at sea level is 1.0 mg. of 
mercury per 10 cubic meters. 

The patient was advised to avoid all mercury 
exposure, but he continued at the same exposure 
until May 7, 1953, at which time he quit his job and 
had no further mercury exposure. On May 12, 1953, 
he returned, complaining that his headaches, metallic 
taste, gastrointestinal disturbances, and irritability 
had increased. Examination now showed only a very 
noticeable intention tremor of the right hand, and 
his 24-hour mercury excretion was 0.23 mg. It is 
to be noted that in his work of using a Haldane 
apparatus it was necessary for him to lift a bottle 
of mercury, weighing approximately 4 Ib., 400 or 
500 times a day with his right hand. 

On May 14, 1953, the patient was hospitalized 
and given a test dose intravenously of 100 mg. of 
edathamil calcium § with no untoward reaction. He 
was then given daily from May 15 through May 20, 

§ Supplied in ampules by Riker Laboratories, 
Los Angeles. 
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1953, 2.5 gm. of a 3% solution of edathamil calcium 
administered intravenously. During his hospital stay 
his gastrointestinal symptoms, headaches, tremor, 
and irritability subsided. He left the hospital on 
May 20 but returned in six days with a return of 
his intermittent diarrhea, abdominal distress, head- 
aches, irritability, and intention tremor. By June 3, 
two weeks after his course of treatment with 
edathamil calcium, his symptoms had returned to 
their pretreatment severity. 

Eighteen days after treatment with edathamil cal- 
cium, the patient was started on ambulatory dimer- 
caprol therapy. Within 24 hours after his first dose 
his symptoms and tremor were alleviated, and after 
two weeks of dimercaprol treatment he had no 
complaints or tremor. A week after his dimercaprol 
treatment was discontinued a slight intention tremor 
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Methods——Mercury determinations were done by 
the mixed color dithizone method.® Standard solu- 
tions of the edathamil-mercury complex were pre- 
pared in our laboratory, and a range of 95 to 102% 
of the mercury in these solutions was recovered by 
the mixed color dithizone method. The urine leads 
were determined by the standard dithizone method.® 


The urine lead level prior to edathamil calcium 
therapy was estimated as being of the same order as 
that two weeks after edathamil calcium therapy.|| 
For graphical purposes we inserted the mean of the 
base line of the three mercury determinations be- 
tween the 7th and the 20th day as the mercury 
excretion on the 24th day. A lead determination 
was not made on the 48th day, and an estimated 
value was inserted for graphical purposes. The 
sharp decrease in both mercury and lead excre- 
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Effect of edathamil calcium and dimercaprol administration on daily urinary excretion of 


mercury and lead. 


had reappeared. Eight weeks later an increasing 
irritability was also noted, but none of his other 
symptoms had recurred. 


The patient left this locality and was seen by Dr. 
R. T. Johnstone, of Los Angeles, on Sept. 2, 1953; 
Dr. Johnstone agreed with us that this man had 
mercurialism and had residual mild intention tremor 
and irritability. 


The daily urinary excretions of mercury and lead 
are graphically presented in the Figure. It is to 
be noted that the daily mercury excretion was 
depressed during edathamil calcium therapy from 
0.23 to about 0.06 mg., while lead excretion was 
increased from an estimated normal of 0.04 to 0.21 
mg. During dimercaprol therapy the mercury ex- 
cretion was increased to a maximum of 0.48 mg., 
while the daily urinary lead was not significantly 
increased. 
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tions on the fifth day we assume to be due to an 
inadequate collection of all the urine by the hospital 
ward. 


COMMENT 


On the basis of the commonly accepted 
diagnostic criteria, exposure history, typical 
symptoms, and urinary mercury, this patient 
was suffering from acute mercurialism and 
therefore should be considered as a suitable 
test subject for trial with edathamil calcium. 
It is significant that edathamil calcium did 
not increase the urinary excretion of Hg. 
Moreover, there is little evidence that treat- 
ments with the drug affected the well-being 
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of the patient. It is more likely that the re- 
mission of symptoms during treatment was 
associated with the hospital rest. 

When it was noted that the urinary Hg 
level was not affected by the administration 
of edathamil calcium, determinations of uri- 
nary Pb were done as a check on the activity 
of the edathamil calcium solutions .The uri- 
nary lead excretions were increased, as would 
be expected with edathamil calcium solutions. 

It is important, in this case, that dimer- 
caprol did significantly increase Hg excre- 
tion, indicating that there was nothing un- 
usual in the manner in which Hg was com- 
bined in the body. 


CONCLUSIONS 

The urinary excretion of lead and mercury 
during successive treatments with edathamil 
calcium and dimercaprol are herein reported 
on a patient with an original increased 
urinary mercury excretion. 

The urinary excretion of mercury was 
decreased during edathamil calcium therapy 
and markedly increased with dimercaprol 
therapy. 

The urinary excretion of lead was in- 
creased markedly during edathamil calcium 
therapy and not significantly changed during 
dimercaprol therapy. 

Dr. Sherman S. Pinto, Dr. Harry L. Foreman, 
Dr. James J. Waring, and Dr. R. T. Johnstone 


offered suggestions and criticisms in the prepara- 
tion of this paper. 
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INTRODUCTION 


Studies which have been made of workers 
in the radium dial industry ' and investiga- 
tions of the high incidence of lung cancer in 
pitchblende miners have provided practi- 
cally all the data now available on the chronic 
toxicity of radioactive substances absorbed 
by humans. The data provided by these 
studies have been invaluable, but they are 
limited in application and further informa- 
tion is needed for other radioactive materials. 

The. atomic energy program has stimu- 
lated considerable toxicological interest in 
the elements of the uranium series and more 
recently in the various isotopes of thorium. 
In the absence of actual experience, assump- 
tions regarding the possible hazards from 
exposure to thorium have had to be based on 
an analogy with comparable descendants of 
uranium or radium. The differences between 
the thorium and the uranium radioactive 
series are great, however, and such assump- 
tions must be validated by field experience. 

This report describes an environmental 
and medical study of a refinery engaged for 
many years in the extraction of thorium and 
the rare earths from monazite. 


From the Health and Safety Laboratory, New 
York Operations Office, United States Atomic 


Energy Commission. 
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RADIOMETRIC PROPERTIES OF THE 
THORIUM DECAY CHAIN 


In contrast with the uranium series, the 
half-lives of all members except Th**? are 
short, particularly those following Th*** 
(Fig. 1). This relatively rapid decay makes 
it necessary to consider the effect of time on 
the activity. As an example of this, Figure 2 
shows the alpha activity of Th***+-Th*** as 
a function of the time following its separa- 
tion from the other isotopes. Air-dust sam- 
ples taken where ore is the contaminant 
should contain material in radioactive equi- 
librium and show the equivalent of 6 alpha 
emissions per Th*** decay (Fig. 2). Freshly 
separated thorium, on the other hand, would 
show the equivalent of only 2 alphas, while 
material of intermediate age would show 
intermediate activities. 

The complex relationship between quantity 
of material and activity becomes even more 
complicated if multiple separations are car- 
ried out. Unless the age and manner of 
preparation of the material are known, the 
measured activity cannot be converted to 
weight. This is true for the Ra***-Ra*** 
mixture that would be obtained in a chemi- 
cal separation of radium as well as the 
Th***-Th*** mixture. If the weight of tho- 
rium is required, it must be obtained by 
chemical analysis. 

In regard to external radiation, the rapid 
build-up of the series means that, compared 
with the uranium series, a much higher 
gamma level will be shown in the advanced 
stages of processing thorium; in fact, the 
build-up in gamma activity is similar to that 
from freshly separated Ra***. The beta radia- 
tion problem is less serious, however, since 
the equilibrium beta dose rate for thorium 
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Fig. 1—Thorium decay series. 


is one-half that for uranium, although the 
build-up in separated thorium is more rapid. 

Whereas thorium analysis is straightfor- 
ward, the properties of thoron make it diffi- 
cult to analyze directly. Thoron is, however, 
the parent of a chain of solid radioactive 
decay products which adsorb on normally 
present atmospheric dust and can therefore 
be separated from air by filtration. Neglect- 
ing Th A (0.16 second half-life), the thoron 
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Fig. 2—Numbers of alpha (.4) and beta (B) 
particles released from an equilibrium mixture of 
Th?32 and Th?28 for each decay of Th?** at the 
indicated times after initial separation. 


daughter products will decay with a half-life 
(about 10% hours) which is long enough to 
permit a measurement of their radioactivity 
within a day or two after collection. 

The alpha activity of thoron decay prod- 
ucts may be readily converted to thoron con- 
centration, since the decay of the daughters 
on the filter paper is insignificant during the 
usual collection period.* 

It is possible that thoron and its daughters 
may not be in radioactive equilibrium in the 
sampled air. In this case, the above calcula- 
tion would more correctly represent the con- 
centration of thorium B. From the relative 
half-lives of the thoron daughter series and 
of thoron, it is apparent that this would not 
be an important discrepancy. 

When radium, the immediate precursor of 
radon, is removed from uranium, no radon 
emanation can be detected for many decades 
from the metal or its salts. Freshly separated 
thorium, on the contrary, builds up an equi- 
librium concentration of thoron (Tn**°) in 
a few days. The presence of thoron is thus a 
possibility in the vicinity of any portion of 
a thorium processing plant. Thoron daugh- 
ters also reach equilibrium values rapidly 
and must also be considered important. 


INDUSTRIAL HYGIENE SURVEY 

This plant has been engaged in the ex- 
traction of thorium and rare earths from 
monazite ore and in the manufacture of gas 
mantles for about 30 years. 

At the time of the survey there were 84 
employees working in the plant, approxi- 
mately 60 of whom worked in direct expo- 
sure to thorium and thoron. The thorium- 
mantle manufacturing operations were being 
carried on at another plant, approximately 
60 miles away. Of the 26 employees pres- 
ently employed solely in the thorium process, 
one-half had worked for 10 years or more. 
The majority of the employees were drawn 
from the surrounding farming area, and none 
had any previous industrial exposure to radi- 
ation. A histogram of the duration of em- 
ployment of 693 chemical workers, whose 
records were available, is given in Figure 3. 
Sixty per cent worked for less than half a 
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Fig. 3—Histogram of duration of employment of 
693 chemical workers from 1939-1952 and _ plant 
census from 1938-1954. 


year; of these, most worked for less than 
three months. A good proportion of the 
short-term employees were summer workers. 

In general, the plant was found to be rea- 
sonably well maintained, and investigation 
revealed that hazard controls and housekeep- 
ing in the plant were at least as good at the 
time of the study as at any time in the past 
and in some cases better. It therefore ap- 
peared that measurement of air-borne radio- 
activity at this time would yield results 
satisfactorily representative of past conditions 
and that current data could be expected to 
provide estimates of minimum average long- 
term exposures. A detailed job study was 
therefore undertaken of each individual oper- 
ator in order that weighted average expo- 
sures to thorium and thoron could be com- 
puted. In addition, direct measurements of 
beta and gamma radiation were made in 
several plant areas; measurements for sur- 
face contamination were taken; and cascade 
impactor samples were taken to characterize 
the particle-size spectrum of the dust from 
several of the dustier plant locations. 

The daily weighted average exposure of 
each individual operator to thorium and 
thoron was obtained in the following manner. 
A detailed job study was made of each sepa- 
rate operation in the plant; each operation 
was divided into its significant components, 
and general air and breathing zone samples 
representative of the exposure at each com- 
ponent of the operator’s job were taken. An 
effort was made to obtain not less than three 
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samples to represent any given exposure. 
The method used in computing the average 
exposure is as follows: (a) The number of 
minutes per day spent at each job is esti- 
mated ; (b) the average exposure for that job 
is computed ; (c) after multiplying (a) x (b) 
in each case, the sum of all the products is 
divided by the total number of working min- 
utes per day; this vields the average concen- 
tration. 

This type of analysis was not made for 
thoron exposure, because it was not possible 
to get accurate breathing zone samples. 
Therefore, only general air samples were 
taken. As a result of this, the thoron expo- 
sures may have been underestimated. 

The total activity of the samples was meas- 
ured by a Samson alpha survey meter 7 to 
12 hours after collection. All the filter papers 
were subsequently recounted for long-lived 
activity. After subtracting the second count, 
the net first count extrapolated to the end of 
the collection period represented the activity 
of the thoron daughters. 
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Fig. 4—Cumulative percentage graph of ex- 
posure of 84 workers to thorium and thoron. 
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The lower limit of detection of the Samson 
meter is approximately 250 disintegrations 
per minute. This represents 7.5 10-'* curies 
per liter (c/l.) of thoron under sampling con- 
ditions used in this survey (20 liters per min- 
ute for an average of 15 minutes). 

It can be seen from Figure 4 that approxi- 
mately 30% of the 8&4 current employees 
were exposed to 100 disintegrations per min- 
ute per cubic meter (d/m/M.*) or less of 
thorium and that the thorium exposures of 
60% of the group ranged between 100 and 
1000 d/m/M.* Two of the workers had aver- 
age exposures of 2000 d/m/M.* It can also 
be seen that all thoron concentrations were 
below 210°" 


Case, 
No. Age, Yr. Work 
1 39 Mantle plant 
2 45 Foreman chemical works 
3 
4 52 Fireman chemical plant 
5 40 Chemieal plant 
6 74 Watchman 
58 Mantle plant 
9 Chemical laborer 


In general, gamma radiation levels 
throughout the plant were not found to be 
significantly high except where mesothorium 
extraction takes place. Here exposures for 40 
hours per week would be slightly above the 
tolerance level of 300 millirem per week. 
Surface contamination with alpha emitting 
materials was extremely high. However, the 
removable contamination was not excessive, 
indicating reasonably good housekeeping. 


MEDICAL SURVEY 

No periodic or preplacement physical ex- 
aminations had been conducted on any of the 
employees. There was local medical service 
available for acute injuries or illness. 

A group health policy, insuring approxi- 
mately 90% of employees, provided the main 
source of information for previous illness 
since 1944. For an absence of more than a 
few days, each employee was required to 


Data on Deceased Employees 


submit the diagnosis of his illness with the 
name of his physician. A list compiled from 
these records did not suggest the presence 
of an industrial hazard, since there seemed 
to be no suspiciously high incidence of any 
one disease. However, 21 diagnoses were 
selected because of the notation of anemia or 
pulmonary disease, and the physicians for 
these cases, as indicated on the records, were 
requested to provide more data. However, 
information on only seven employees was 
obtained and appeared unrelated to industrial 
(lisease. 

A list of 36 former chemical workers, who 
had been employed for more than three years, 
was sent to 55 physicians in towns around 


Cause of Death Autopsy Died 
Unknown postoperative No 1944 
complications 
Coronary occlusion Yes 1949 
Carcinoma of the stomach No 1949 
Carcinoma of right lung (Surgical 1949 
resection of 
the lung) 
Nephritis No 1950 
Hypertensive heart disease No 1952 
Lobar pneumonia No 1932 
Carcinoma of the lip Yes 1947 
Heart disease . No 1947 


the plant with a request for information on 
the health status of these persons. Of this 
group of physicians, 43 replied, accounting, 
however, for only 14 of the 36 workers. 
Again, no illness suggested an industrial 
hazard, except for two cases of dermatitis. 


Nine employees are known to have died 
( Table). 


Case 2.—This man died at work from coronary 
occlusion. He was employed in the chemical plant 
for approximately 10 years. It was noted at the 
autopsy that both spleen and liver were enlarged, 
owing to deposition of pigment granules. It was 
estimated by analysis of the lung that at the time 
of death the lung contained the equivalent of 
14 mg. of thorium. Assuming that the sample re- 
flected a homogeneous distribution of thorium, the 
alpha radiation dose to the lung was calculated to 
be 0.17 rep per week. The microscopic examina- 
tion of the lung sections revealed no evidence of 
cancer or fibroses. The heavy pigment deposits in 
the liver and spleen were not radioactive and were 
negative to the standard ferricyanide test for iron. 
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There was no fibrotic response surrounding the de- 
posits. Chemical analysis of the liver and spleen 
indicated a concentration of 5 mg. of rare earths 
per gram of fresh tissue. The rest of the pathologi- 
cal picture of this case was compatible with the 
diagnosis of hypertensive arteriosclerotic cardio- 
vascular disease. 

Case 4.—This man was a fireman in the chemical 
plant who developed pneumonia in 1948 and because 
of persistent pulmonary symptoms was studied, 
with the subsequent diagnosis of carcinoma of the 
lung. The right lung was removed surgically, but 
the patient died less than a year later. His jobs at 
the plant included truck driving and foreman of 
the labor gang. There was no autopsy done, and 
no tissues were available for analysis from the 
surgical resection. 


Case 5.—This man worked in the chemical 
plant for 10 years and died of renal failure without 
previous history of kidney disease. He was known 
to his physician for 25 years. During his final hos- 
pitalization, he was quite anemic and mildly hyper- 
tensive, with cardiac enlargement and_ severe 
uremia. The diagnoses listed on the hospital chart 
included “questionable industrial 
autopsy was obtained. 


Case 8—This man had worked at the plant 
since 1914. He had carcinoma of the lip, which was 
resected, but he died in 1947 with extensive 
metastases to the lung. The metastases were not 
distinguishable from primary bronchogenic carcin- 
oma. The autopsy indicated no evidence of pigment 
deposition in the reticuloendothelial system. 


poisoning”; no 


A group of 21 employees, who had jobs in 
the more highly contaminated areas, were 
selected for a detailed history and physical 
examination. The average duration of em- 
ployment was 7 to 8 years, and two-thirds of 
the group had worked in the plant from 5 to 
20 years. The examination included a urine 
analysis, hemoglobin and white blood cell 
counts, and differential smear. A chest x-ray 
on each of the employees was obtained at a 
nearby hospital. 

In none of the current employees was there 
evidence of ill health other than minor upper 
respiratory conditions or other minor ail- 
ments. The hemoglobin values were all un- 
remarkable, as were the white cell counts. 
However, one employee (a Mexican) had 
23% eosinophilia. He had worked at the 
plant only 10 months, having previously 
come to the United States from Mexico 
where he had been a farmer. No studies for 
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intestinal parasites were undertaken. All the 
urine analyses were negative, and no urine 
specimen contained more than 10 y/liter of 
thorium (the minimum detectable amount). 
The analytical method for thorium in urine is 
included in the Appendix. 

Four of these chemical operators had chest 
x-rays which exhibited, as illustrated in Fig- 
ure 5, 


excessive linear densities suggestive 
of early pneumoconiosis. These four persons 
had worked for 10, 10, 16, and 4 years and 
were consequently in the group of older em- 
ployees. 


Fig. 5—Chest x-ray of a chemical operator em- 
ployed in the plant for 10 years, demonstrating ex- 
cessive linear densities suggestive of early pneu- 
moconiosis. 


COMMENT 

The workers in this refinery were exposed 
to monazite ore dust, various salts of thorium 
including hydroxide, sulfate, and fluoride, 
thoron gas and its daughters as well as 
gamma radiation from mesothorium. 

The air-borne materials gain access to the 
body both by inhalation and by ingestion, 
since a portion of the material deposited in 
the lungs is brought up and swallowed. It 
has been shown in animal studies that tho- 
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rium in the presence of body fluids forms an 
insoluble hydroxide and is chemically quite 
inert.* Consequently, thorium will tend to 
remain for long periods in the lung. It has 
also been shown that the absorption from the 
intestine is almost negligible, i. e., 0.001 %.° 
However, that portion which is absorbed is 
practically entirely localized in the skeleton." 
Under conditions where thorium salts are 
administered intravenously, colloidal par- 
ticles are formed in the blood stream and are 
picked up mainly by the liver and spleen.* 
However, this condition would not apply to 
industrial workers. 

One would conclude from the animal ex- 
periments that the major hazard from inhaled 
thorium would arise as a consequence of the 
radiation to the lung rather than to the skele- 
ton. From the extremely high incidence of 
lung cancer in some European uranium 
mines, it is believed that radioactive particles 
are capable of producing lung cancer.* The 
foreman, on whose lung measurements of 
radioactivity were made, worked for 10 years 
in the plant, mainly in one area which had 
an estimated thorium concentration of 200 
d/m/M.* His dose rate to the lung at the 
time of analysis was calculated to be 0.17 
rep per week or 1.7 rem per week (alpha 
rbhe=10). This is about five times higher 
than the accepted tolerance value. However, 
there was no histological evidence of radia- 
tion damage of the lung. 

Four persons whose duration of employ- 
ment at the plant averaged 10 years showed 
minimal evidence on x-ray of pulmonary 
fibrosis. In view of the absence of fibrosis in 
the lungs of the autopsied foreman, it can be 
surmised either that the lung dose from radio- 
active material in the four chemical operators 
was considerably higher than 1.7 rem per 
week or that their fibrosis was unrelated to 
radiation. 


In evaluating an industrial population such 
as this for the presence of retained thorium, 
one is handicapped because of the minute 
amounts of thorium which are solubilized and 
excreted. In rats given Th*** in trace amounts 
without carrier, only 2% of the dose was 
excreted in the first two months." This, to- 


gether with the poor gastrointestinal and pul- 
monary absorption, makes the detection of 
thorium by urinary excretion unlikely. Such 
proved to be the case in this study. Likewise, 
if thoron daughters are to be found in the 
urine, the analyses must be carried out fairly 
promptly, since the longest-lived daughter 
has a half-life of only 10.6 hours. 

What then should be the tolerance value 
for air-borne thorium? In the case of freshly 
separated U***-U*"4, it is calculated’ that 
25y U/gm. of fresh tissue would be equiva- 
lent to 300 millirem per week (alpha rbe= 
10). Experiments on dogs and rats indicate 
that an atmospheric concentration of 100y 
U/M.* would result in an equilibrium lung 
retention of 20 to 50% of tolerance. On the 
basis of these experiments, the tolerance 
value of insoluble uranium dust has been set 
at 507/M.* or 70 d/m/M.* 

Once deposited in the lung, the daughter 
products of U***-U*** would not increase in 
concentration to a significant degree in the 
span of a human life. Compared with freshly 
separated U**s-U***, uranium ores (U2"* in 
equilibrium with its daughter products) will 
have a higher emission rate of alpha particles, 
even assuming loss of some radon by diffu- 
sion. On the other hand, the uranium content 
of ores is extremely variable, but this diffi- 
culty is circumvented by measuring atmos- 
pheric uranium dust by its alpha activity. 
Nevertheless, this characterization is not 
exact, since it does not take into account 
either the particle-size distribution or the 
specific particle activity. Such factors influ- 
ence the deposition and the hazard from the 
inhaled radioactive dust. 

The activity of freshly separated Th**?- 
Th*** varies in a complicated way, but over 
a period of 10 years each decay of Th*** is 
accompanied on the average by three other 
alpha emissions from daughter products. The 
total energy yield for the entire chain for 
alpha emissions is 36.1 mev. Therefore, each 
decay of Th*** has a yield of 36.14/6=24 
mev. During the course of 24 hours, 2.0 
10'' ev/gm. of fresh tissue are liberated by 
the decay of 25y (2.810-pc) Th***. This 
is to be compared with 2.410"! ev/gm. of 
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fresh tissue per 24 hours for 25y of U***- 
U***, It will be noted that the dose rates of 
Th**? and U*** are practically identical on a 
weight basis. This is true in spite of the 
longer half-life of Th?** because of the higher 
energy yield from each chain disintegration 
of Th***. Likewise, there will be an approxi- 
mate equivalence in alpha disintegrations per 
minute per cubic meter, provided that freshly 
separated thorium is allowed to build up its 
daughter products for at least a week. The 
thorium ore would presumably be in equi- 
librium at the time of sampling. 

An important consideration in the toler- 
ance to air-borne radioactive dusts is the 
evidence in rats that the lung deposition of 
uranium dioxide will be eightfold higher with 
0.54 than with 2.0 particles.’ 


It will be noted that the fundamental as- 
sumption in setting the tolerance level for 
radioactive particles in the lung is that more 
than 300 millirem per week will be harmful. 
The figure of 300 millirem per week is de- 
rived from estimates of damage to the blood- 
forming tissues by whole-body gamma radia- 
tion. The major radiological hazard to the 
lung is cancer. The radiation dose needed to 
produce lung cancer in humans is, however, 
not known. Considering the available infor- 
mation and its limitations, it appears that it 
would be advisable to keep the tolerance level 
for thorium dust equal to that for uranium 
on an activity basis. 

What should be the tolerance to air-borne 
thoron and its daughter products? The basis 
for the radon tolerance rests on information 
obtained in European uranium mines where 
the incidence of lung cancer was extremely 
high. These mines had an average radon con- 
centration of A tolerance level 
of 10" ¢/I. has been adopted by the National 
Committee on Radiation Protection. The fig- 
ure of 10°'° c/l. has been used commonly in 
industrial operations. However, it has been 
calculated that the inhalation of 10°'° c/I. of 
radon daughter products will deliver approxi- 
mately 50 rem per week (alpha rbe=20), 
which is several thousandfold higher than the 
dose from radon gas alone.® Thoron has 
somewhat different properties than radon in 
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that the effective half-life of the thoron 
daughter alpha emitters is 14-fold longer 
than that of radon. Consequently, for equal 
initial activities of radon and thoron daugh- 
ters, the lung dose from thoron will be 14 
times greater than the dose from radon. This 
assumes that small amounts of either of 
daughter products are removed from the lung 
physiologically before complete decay. The 
daughter products of thoron are produced 
initially in atomic form and adsorb onto the 
surface of suspended dust particles. When 
such particles are inhaled, a fraction of the 
daughters will be washed off and carried into 
the cells lining the respiratory passages. The 
extent to which this occurs and the fate of 
these particles have not been studied. There 
is fragmentary evidence that some of the 
thoron daughters do find their way into the 
blood stream after deposition in the lung and 
are excreted in the urine.'’ It would seem 
that the tolerance level for thoron should be 
10 to 15 times less than that for radon. It 
is interesting to note that the tolerance stand- 
ard for insoluble uranium dust is based on 
that for whole-body gamma radiation (300 
millirem/week), whereas the radon level is 
derived from the uranium mine experience. 

It will be noted that a large fraction of this 
plant population had been exposed to tho- 
rium concentrations in excess of 70 d/m/M.* 
Assuming that these levels have actually in- 
creased the lung cancer incidence of this 
group, what is the likelihood that such an 
increase will be discovered by examination 
of current employees and miscellaneous rec- 
ords? It was noted previously that approxi- 
mately 700 chemical operators have worked 
in the plant during the past 10 years. The 
average period of observation would be five 
years. The lung cancer rate in the older popu- 
lation is 40 per 100,000 per year. This means 
that, if all the chemical operators were in the 
lung cancer age, there would be only one or 
two cases in the entire group.* One would 
have to find five to seven cases of lung cancer 
to be sure that the incidence was abnormally 
high. However, if the incidence were in fact 


* Gilliam, A.: 


authors. 


Personal communication to the 
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SURVEY 


OF A THORIUM REFINERY 


twice normal, there would be only a 10% 
chance of finding five to seven cases. In this 
survey, only one case of lung cancer was 
found. Because of the long latent period for 
lung cancer, as observed in the European 
uranium mines (average 17 years), and be- 
cause of the inadequacies of this type of 
survey, the true cancer hazard of the expo- 
sure levels observed in this plant is not 
known. 
SUM MARY 


The study of a thorium refinery in opera- 
tion for 30 years revealed thorium exposures 
considerably in excess of currently acceptable 
standards for uranium. However, there was 
no evidence of overt industrial disease. 


APPENDIX 
ANALYSIS OF URINE FOR THORIUM 


The procedure for determination of thorium in 
urine is a modification of the one proposed by 
Taylor and Dillon “Analytical Chemistry” (1952), 
page 1624. The procedure is based on colorimetric 
determination with “thorin” reagent after separa- 
tion of thorium from the bulk of urine solids. 

The method is quite long and must be followed 
carefully to obtain reproducible results. All water 
used in preparation of the reagents and in the pro- 
cedure should be redistilled to minimize quenching 
by impurities. 
below: 


The detailed procedure is given 


1. To a 200 ml. aliquot of urine, add concen- 
trated NH,OH until pH equals 8. Thorium will 
precipitate with this ammonium hydroxide group 
separation. 

2. Centrifuge, decant the supernatant liquid, and 
discard. 

3. Add 10 ml. of concentrated HCl to the pre- 
cipitate, followed by 100 ml. of water. 

4. Transfer the solution to a 400 ml. beaker, and 
wet ash with 100 ml. concentrated HNOs and 1 ml. 
of HCIO,. 


5. Add 10 drops of concentrated HCl to the 
white res‘due, followed by water, and adjust the 
volume to 100 ml. 

6. Adjust the pH to 2.5 with 1:1 NH,OH or 
1:1 HCl with a pH meter. 

7. Heat the solution to boiling. 

8. Coprecipitation. of 
oxalate. 


thorium with calcium 


(a.) Add drop by drop a solution of 1 gm. of 


(NH,4)2C20, in 25 ml. H.O. As a rule, approxi- 


mately 7 ml. of this solution will suffice to pre- 
cipitate the 30 to 60 mg. of Ca** usually found 


in 200 ml. of urine. Part of the calcium will usually 
precipitate in this acid solution. 

(b.) To the hot solution, add very slowly from 
a buret a filtered dilute solution of ammonia—5 ml. 
of the concentrated reagent to 50 ml. of water—at 
the rate of about 5 ml. per minute until the solu- 
tion is neutral or very slightly alkaline. 

(c.) Let the solution stand for an hour in a warm 
place to be assured of complete precipitation. 

(d.) After the precipitate has settled, test the 
solution with a few drops of (NH,)eC:0..H-O for 
complete precipitation. 

(e.) Decant the clear supernatant liquid through 
a filtering crucible (Selas 3010). 

(f.) Transfer the precipitate to the crucible with 
a jet of water from the wash bottle; rub loose with 
a rubber-tipped rod all particles adhering to the 
beaker and stirring rod, and transfer these to the 
crucible. 

(g.) Wash the precipitate with cold, very dilute 
(NH,)2C.0..H2O0 (approximately 0.5 gm/200 ml.) 
10 times to insure removal of Cl” from the pre- 
cipitate. 

(h.) Dry the precipitate in the oven (110 C) 
for an hour, then place the filtering crucible in an 
electric muffle at approximately 500 C for 
hours. 


two 


(i.) Cool the crucible and contents in a desicca- 
tor and weigh. Further heating of the precipitate 
change its weight. The 
should now be in the form of CaCQs. 

9. Place the crucible in a Gooch filtering funnel 
with the outlet leading into a 15 ml. graduated 
centrifuge tube. 

10. Add from a pipet 1 ml. of concentrated HCl 
solution to each, allowing the acid to run down 
the sides of the crucible. 


should not precipitate 


11. Turn on gentle suction, and wash each cruci- 


ble with a very fine redistilled 


the test tubes is 


stream of water 
until the volume of 


approximately 6 ml. 


solution in 


12. Dry and weigh the empty crucibles. 
13. Remove the test tubes from the filtering 
funnels, add 2 ml. of a 10% solution of NH2OH- 
HCl to each, and heat gently to boiling. 

14. Add 12 drops concentrated HCl (or 
pH is approximately 0.8). 

15. Add 1 ml. of 0.1% 
water. 


until 
solution of “thorin’’ in 


(disodium salt of 2-[2-hydroxy-3, 6-disulfo-1- 


naphthylazo]benzenearsonic acid) 


fo 


OH S03 
=< 

‘SO 3H 
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16. Dilute to 10 ml. 
17. Prepare a reference solution. 


Suspend in 10 ml. of redistilled water an amount 
of CaCO,;=2Xaverage weight of CaCOs found in 
the samples. 

Add 1:1 HCl until CaCOs is dissolved. 


Add 24 drops concentrated HCl (pH approxi- 
mately 0.8). 

Add 4 ml. of 10% NH2OH.HCI, 2 ml. dye solu- 
tion, dilute to 20 ml. 


18. Spectrophotometric determination of thorium. 

Using the Beckman DU, 5 cm. cells, A=545 ms, 
compare the absorbances of each of the samples 
against the reference solution. 

From a previously prepared calibration curve 
(thorium separated from spiked urine samples 
[0-30 y Th]), determine the amount of thorium 
present. 
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Collecting CMficiencies of Filter apers 


PHILIP LA TORRE, S.M. 
and 
LESLIE SILVERMAN, Sc.D., Boston 


INTRODUCTION 


Lead fume may be sampled with the im- 
pinger, with the electrostatic precipitator, 
and with analytical filter papers. Certain 
limitations are found in both the impinger 
and the precipitator. 
ciates, | 


Littlefield and asso- 
and Halley and Martin * 
reported that the collecting efficiency of the 
impinger is low and variable. Later work 
by Keenan and Fairhall,t however, showed 
that for the large impinger collecting effi- 
ciency increases markedly with sampling rate 
to a value of 98.5% at 1.6 cu. ft. per minute 
(c. f. m.). The electrostatic precipitator, 
though a highly efficient instrument, is ex- 


Case,” 


pensive and often inconvenient to use in the 
field. 

Case,? in 1941, used a Gooch crucible and 
asbestos-pad filter for sampling lead fume 
and reported efficiencies approaching 90% 
when compared with the electrostatic pre- 
cipitator. His arrangement, however, is not 
sasily adapted to field use. 

Keenan and Fairhall* used a 34 mm. 
diameter column, 30 cm. in length, tightly 
packed with laboratory glass wool in deter- 
mining precipitator efficiencies and found 
that the glass wool collected all the lead in 
the first three-quarters of the tube at a 
sampling rate of 3c. f. m. Glass wool was 
also used by Sehl and Havens® in their 
modified air sampler. Tests made with two 
samplers in series showed collecting effi- 


From the Harvard School of 
Department of Industrial Hygiene. 
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ciencies for lead oxide fume oi better than 
98%. Difficulty in preparing the beds and in 
chemical analysis may be encountered. 

Analytical filter papers have been used to 
collect air-borne particulates for many years. 
Weber,® in 1933, found Schleicher and 
Schuell No. 589 paper to be essentially 100% 
efficient when sampling lead fume generated 
by an electric are. Fairhall* used filter dises 
for collecting lead dust, but sampling rates 
and efficiencies are not reported. Silverman 
and Valenzuela * investigated the collection 
of cadmium and iron fumes on four different 
papers and reported absolute efficiencies of 
95.9 to 99.7% at sampling rates of 1 to 2.5 
c. f. m. 

In 1943, Silverman and Ege ® studied the 
retention of Whatman No. 42, 43, 44, and 
50 filter papers for lead fume generated by 
burning tetraethyl lead and reported absolute 
efficiencies of 74+ to 96%, with a mean value 
of 87%. Concentrations varied from 8 to 
20 times the threshold (1.5 mg/10 cu. m.), 
and sampling rates varied from 25 to 49 
liters per minute (1. p. m.). Corresponding 
filtering velocities ranged from 14 to 30 ft. 
per minute (f. p.m.). No relation between 
filtering velocity and efficiency was observed. 
Their tests indicated that a single Whatman 
No. 42 or 44 is satisfactory for field use. 

Harris and associates '® reported Laskin’s 
investigation of the retention of Whatman 
No. 41 paper for a sodium chloride aerosol 
with a mass-median diameter of 0.3y, in 
which he found a 96% efficiency at 45 cm. 
per second and a 98.4% efficiency at 90 cm. 
per second. The data of Harris and asso- 
ciates showed the efficiency of this paper to be 
98.7% with an industrial type aerosol having 
a mass-median diameter of 
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A recent paper by Smith and Surprenant " 
reports efficiencies of several papers, too 
numerous to mention individually, using both 
atmospheric dust and dioctyl phthalate 
(DOP) test smoke with a mean size of 0.3p. 
Their efficiencies range from 15% to essen- 
tially 100% with atmospheric dust and from 
15% to better than 99.99% with dioctyl 
phthalate smoke. 

Fitzgerald and Detwiler '* tested several 
papers, including Whatman No. 41, HV-70, 
and MSA-1106-B, using both atmospheric 
dust and a Duralumin aerosol in the size 
range of 0.005 to 2.0u. They reported count 
efficiencies of better than 98% for particles 
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to keep size and cost of pumps reasonable 
for field use. 

The purpose of this study was to investi- 
gate, on the basis of the above criteria, 
selected commercially available analytical 
filter papers for use in sampling lead fume 
generated by various methods. The effects 
of fume loading and filtering velocity on col- 
lection efficiency and particle-size distribu- 
tions of the fumes were also desired. 


EXPERIMENTAL APPARATUS AND 
SAMPLING PROCEDURE 


In order to obtain a positive indication of their 
performance, papers should be tested with fumes 


|IMANOMETER 
ALUMINUM 
PYREXT 
FUME {T 
INLET {p ALUMINUM 
PRECIPITATOR WIRE 
FILTER HOLDER 
CHARCOAL 
TRAP 


TO PUMP 


Fig. 1—Apparatus for determining the absolute efficiency of filter papers. 


greater than 0.2» and a sharp decrease in 
efficiency for particles below this size. 

A filter paper to be suitable for sampling 
air-borne materials in the field should possess 
certain essential characteristics. First, it 
should show a relatively high collecting effi- 
ciency for the material in question; for ex- 
ample, greater than 75%. Second, this effi- 
ciency should be uniform from paper to paper 
so that, when once established, it can be 
used in evaluating contaminant concentration 
with accuracy. Third, the paper should have 
a low, uniform resistance to air flow in order 
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comparable to those encountered in practice. As a 
result, lead fume was generated by four different 
methods to ascertain whether any differences in 
performance would exist. 

Fume A was generated by burning a mixture of 
tetraethyl lead and acetone in a sealed 1200 cu. ft. 
chamber and was kept in suspension by a circulating 
blower and anemostat. The fume was sampled with 
the apparatus shown in Figure 1. Air was metered 
with an inlet Venturi meter and passed through a 
filter holder similar to the double funnel units des- 
cribed by Bayrer and Hough.'8 Static pressure taps 
were added to measure filter resistance. Absolute 
efficiencies of the papers were determined by con- 
necting an A.C. electrostatic precipitator in series 


| | 


COLLECTING EFFICIENCIES OF 


VARIiac 


ELECTRIC FURNACE 


ao TAME TER 


PYRUMETER 


aR OR NITROGEN 
'NLET 


FILTER PAPERS 


ROOM AIR 


INLET 


INCLINED 


VENTUR, 
MANOMETER 
METER 
HOLDER 
MANOMETER 


PRECIPITATOR 


CHARCOAL TRAP 


TO PUMP 


Fig. 2—Arrangement of equipment for sampling Fume B and Fume C. 


THERMOMETER 


PRECIPITATOR 
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INLET 
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Fig. 3.—Arrangement of equipment for sampling Fume D. 


with the filter. A charcoal trap was connected to 
the precipitator to remove ozone and oxides of 
nitrogen. 

Fume B was produced by passing nitrogen at 
3 l.p.m. through a closed electric furnace over a 
bath of molten lead. The resulting fume was mixed 
with air at room temperature. The equipment 
closely resembles that used by Rezin and Drinker !4 
in their work on volatilization of lead. 


Fume C was produced in the same manner as 
Fume B, with the exception that compressed air 
at 31. p. m. was passed over the molten lead. Figure 
2 shows the arrangement of equipment for sampling 
both Fume B and Fume C. Air or nitrogen was 
metered with a rotameter, then passed into the 
furnace and mixed with room air metered with an 
inlet Venturi. Total flow through the filter re- 
mained at 1c. f. m. 
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Fume D was generated by feeding fine lead 


dust * (count mean = 2.2 4, geometric standard 
deviation = 2.3) with a Wright dust feeder 15 + into 
‘the air side of a gas torch and diluting the resulting 
fume in a 4 in. duct with 50 to 100 c. f. m. of room 
air, as shown in Figure 3. A Stairmand disc was 
used to insure good mixing at the sampling point. 
The ejector principle of air movement was em- 
ployed in order to prevent deposition of lead fume 
on the interior of the blower. The sample was 
drawn through a glass probe and metered with a 
Venturi meter prior to entering the filter holder. 
Duct temperatures were approximately 175 F 
throughout the tests. 

The dithizone screening test of Cholak and asso- 
ciates,!® with slight modifications, was used for 
analyzing lead samples in this study because of its 
speed, simplicity, and sensitivity. Papers were 
pulped in hot, 10% nitric acid and decanted or 
filtered. The procedure was repeated three times, 
followed by three successive washings with de- 
mineralized water. Precipitator samples were dis- 
solved with two portions of hot, 10% nitric acid, 
followed by with 
water. Aliquots were treated with a citric acid- 
ammonium hydroxide buffer solution containing 
dithizone, potassium cyanide, and sodium sulfite. 
and the lead extracted from the 
aqueous phase with chloroform. The pH of the 


three washings demineralized 


complex was 


solution after buffering was about 10.5. Samples 
were read in a colorimeter, and lead content was 
determined from a standard curve. 


COMMENT ON RESULTS 
Uniformity of Efficiency and Effect of 
Velocity—Four grades of analytical filter 
papers were tested with lead fume generated 
by burning tetraethyl lead (Fume A), and 


TABLE 1.—Efficiencies of Filter Papers for Lead 
Fumes Generated by Burning Tetraethyl 
Lead (Fume A) 


Sampling Rate=1 C.f.m. 4.9 In. (12.5 Cm.) Dises 
Exposed Area=0.098 Sq. Ft. 


Fume 
Concen- Mean Average 
tration Effi- Devia- 
No. of Range, cieney, tion, 
Paper Tests Mg/10 % To 
Whatman ¢1.... 4 8.7-132 85.1 44 
Whatman 22.... 4 2.8-3.3 80.1 7.0 
Schleicher and 
Schuell 2589 .... 4 2.4-5.1 4.5 6.0 
Munktell 200 .... 4 4.5-7.6 86.2 21 


* Available from A. D. Mackay, Inc., 198 Broad- 
way, New York. 

+ Available from L. Adams, Ltd., Minerva Road, 
London, N.W. 10. 
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Tape 2.—Efficiencies of Filter Papers for Lead 
Fumes Generated by Passing Nitrogen over 
Molten Lead Bath (Fume B) 


Sampling Rate=1 C.f.m. 4.9 In. (12.5 Cm.) Dises 
Exposed Area=0.098 Sq. Ft. 


Fume 
Concen- Mean Average 
tration Effi- Devia- 
No. of Range, ciency, tion, 
Paper Tests Mg/10 M® % % 
Whatman @1..... 9 0.21-1.80 62.2 8.0 
Whatman 22..... 4 0.35-1.38 87.3 2.8 
Whatman 7242.. 1 0.46 80.7 om 
Whatman 252.... 2 0.32-0.54 74.5 1.3 
Munktell 200..... 5 0.45-1.62 78.7 5.0 
Munktell 100.... 2 1.21-1.24 87.0 1.5 
Schleicher and 

Schuell Z5s89.... 2 0.27-0.34 70.8 
Schleicher and 

Schuell Z598.... 2 0.60-1,30 80.9 1.5 
Hollingsworth & 

Vose* HV-70... 3 0.38-3.90 79.7 11.2 
Hurlbut + 2935-B. 3 0.63-1.38 92.8 1.2 
MSA All Glass + 

Web 21106-B.... 2 0.36-0.49 77.3 1.8 


* Made by Hollingsworth & Vose, East Wolpole, Mass. 
+ Made by Hurlbut Paper Company, South Lee, Mass. 


efficiencies at a sampling rate of 1c. f. m. 
were determined. At this flow rate, the ap- 
proach velocity based on the exposed area 
of the paper was approximately 10 f. p. m. 
Mean efficiencies and average deviations are 
presented in Table 1. The average deviation 
of a group of n efficiencies is defined as the 
summation of the differences between each 
efficiency and the group mean divided by n 
and is useful as an index of uniformity of 
performance. Low average deviations indi- 
cate good reproducibility of efficiency from 
paper to paper, while high values mean high 
variability in efficiency. A filter paper for 
contaminant sampling need not necessarily 
possess a high collecting efficiency, provided 
that its efficiency is known and can be re- 
produced within reasonable limits from lot 
to lot. 

Similar results on 11 grades of filter paper 
with fume produced by molten lead in a 
nitrogen atmosphere (Fume B) are pre- 
sented in Table 2. Sampling rate was main- 
tained at 1 c. f. m. and approach velocity 
at 10 f. p. m. It will be noted that fume 
concentration in these tests was close to and 
below the present threshold for lead (1.5 
mg/10 cu. m.). Although this type of fume 
is not commonly found in the field, it was 
selected in order to produce a metallic lead 
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TABLE 3.—Efficiencies of Filter Papers for Lead 
Fumes Generated by Passing Air over Molten 
Lead Bath (Fume C) 


4.9 In. (12.5 Cm.) Dises Exposed Area=0.098 Sq. Ft. 


Fume 


Concen- Sam- Mean Average 
No. tration pling Effi- Devia- 
of Range, Rate, ciency, tion, 
Paper Tests Mg/10 M? C.f.m. % 
Whatman 344... 2 0.76-1.81 1.0 88.8 12 
MSA All Glass 
Web—1106-B 1 0.69 1.0 76.7 oa 
HA Millipore*... 4 1.5-4.5 0.9-1.0 73.9 2.4 
HA Millipore*... 2 31.5-100 O.8-1.0 98.8 
Whatman 252.. 2 17.4-370 05 86.1 10.3 
Whatman 252.. 2 3.1-7.9 1.0 63.5 0.5 
Whatman 252.. 2 1-1.9 2.0 57.9 7.5 
Whatman 852.. 2 2.1-3.0 2.65 55.3 6.3 
* 1.97 in. (50 mm.) dises; exposed area=0.015 sq. ft. 
fume rather than lead oxide to ascertain 


whether differences in performance of the 
papers existed. 

Performance data of four papers with the 
use of lead oxide fume generated by passing 
air over molten lead (Fume C) are pre- 
sented in Table 3. Approach velocity for 
both Whatman No. 44 and MSA All Glass 
Web was 10 f. p. m. In tests with HA 
Millipore filters, approach velocity varied 
from 53 to 67 f. p.m. Whatman No. 52 was 
tested at sampling rates of from 0.5 to 2.65 
c. f. m., corresponding to approach velocities 
of 5 to 27 f. p. m. 

Although particle size distributions will be 
discussed in a later section, it can be stated 
here that the mean size of the fumes tested 
in this study are well below 0.54. Separation 
should then be mainly a diffusion mechanism 
which is favored by low air velocities ; con- 
sequently filter efficiency should increase with 
decreasing approach velocities. Performance 
data on Whatman No. 52 paper in Table 
2 do indicate a downward trend of efficiency 
with increasing sampling rates, but the effect 
is somewhat exaggerated in the range of 
0.5 to 1.0 c. f. m. because of the high fume 
concentration in these tests. 

Performance of six papers with an oxide 
fume produced by burning powdered lead in 
a gas flame (Fume D) is shown in Table 4. 
Lead fume concentrations in these tests 
ranged from about the threshold to 70 times 
the threshold. Whatman No. 52 was again 
tested at velocities of 5, 10, and 17.5 f. p. m. 


FILTER PAPERS 


A statistical analysis of the mean efficiencies 
at the three velocities using “Student’s” 
t-test showed, however, no significant differ- 
ence in performance. It is believed that the 
relationship between efficiency and velocity, 
as indicated by filtration theory, was ob- 
scured mainly by nonuniformity of perform- 
ance among the papers tested. 


Effect of Fume Concentration.—In the 
four fumes tested, no effect of fume concen- 
tration on efficiency was noted except in 
instances in which concentrations were ex- 
tremely high. Papers in these tests showed 
a heavy yellow stain, and increase in collect- 
ing efficiency was no doubt due to “plugging” 
of the void spaces, thereby reducing the 
possible channels of penetration. 

Resistance —The mean resistances of sev- 
eral clean filter papers and their average 
deviations are presented in Table 5. Values 
are expressed in inches of water per square 
foot of exposed filter area at 1 c. f. m. The 
actual resistance of a given paper of exposed 
area, A, at a flow rate of O c. f. m. can be 
found by multiplying the mean resistance of 
that paper in Table 5 by the ratio O/A (or 
velocity in feet per minute). 

Two factors of interest can be seen in 
studying Table 5. First, it will be noted that 
papers having higher mean resistances also 
show greater variation in resistance from 
paper to paper. Second, high filter resist- 
ance does not necessarily result in high col- 
lection efficiency. It is felt that both factors 


TasL_e 4.—Efficiencies of Filter Papers for Lead 
Fume Generated by Burning Lead Powder in 
Gas Flame (Fume D) 


4.9 In. (12.5 Cm.) Dises Exposed Area=0.098 Sq. Ft. 


Fume 
Coneen- Sam- Mean Average 
No. tration pling Effi- Devia- 
of Range, Rate, cieney, tion, 
Paper Tests Mg/10 C.f.m. % % 
Schleicher and 
Schuell 2598... 6 33.3-69.0 1.0 80.4 5.5 
Whatman 7242... 6 1.6-107 1.0 96.8 1.7 
Whatman 241*.. 3 3.7-15.3 1.0 76.6 3.4 
Munktell 2100.... 3 4.2-11.1 1.0 54.9 1.5 
Whatman 252... 4 12.7-27.0 0.5 77.6 3.3 
Whatman 252... 4 4.0-10.6 1.0 74.2 3.0 
Whatman 352... 4 7.3-11.6 1.71 78.1 3.3 
MSA All Glass 
Web—1106-B .. 3 5.5-14.6 1.0 84.1 5.5 


* 4.33 in. (11 em.) dises; exposed area = 0.058 sq. ft. 


7° 
a 
— — 
247 


INDUSTRIAL HEALTH 


~ 


Fig. 4.—Electron micrograph of lead oxide fume 
(Fume A). 


Fig. 5.—Electron 
(Fume B). 


micrograph of lead fume 


can be attributed to the fact that analytical 
filter papers are made for wet filtration of 
solids, primarily those visible with the naked 
eye, and were never intended for sampling 
of aerosols of submicroscopic size. In manu- 
facture, the flat, ribbon-like paper fibers often 
become oriented in such a way as to provide 
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Fig. 6.—Electron micrograph of lead oxide fume 
(Fume C). 
Fig. 7—Electron micrograph of lead oxide fume 
(Fume D). ‘ 


low porosity. In addition, the size and shape 
of the fibers themselves in all probability 
reduce their effectiveness in collecting par- 
ticles, particularly when diffusion is the pri- 
mary separating force. Pinholes, commonest 
in the papers designed for coarse filtration, 
also add to the variations in both resistance 


— 


COLLECTING EFFICIENCIES OF 


5.—Resistance of Filter Papers 


Mean Average 
Resistance, Deviation, 


In. H2O In. H2O 

No.of Sq. Ft. Sq. Ft. 

Paper Tests C.f.m. C.f.m. 

Whatman $44 .............. 2 4.480 0.298 
Schleicher & Schuell 2589... 6 0.092 0.006 
Schleicher & Schuell 2598... 6 0.276 0.046 
Munktell $100 .............. ) 0.122 0.017 
Hollingsworth & Vose HV-70 3 0.297 0.011 
Hurlbut 985-B 3 6.308 0.030 
8 0.246 0.034 


MSA All Glass Web—1106-B 


and efficiency. Despite these apparent dis- 
advantages, a number of analytical papers 
can safely be used as field air-assay media, 
primarily those whose resistances are low 
and collection efficiencies iairly high and 
uniform. 

Particle Size of Fume.—Figures 4 through 
7 are electron micrographs of the four fumes 
used in this study. Fume A and Fume D 
were collected on Formvar-coated microscope 
slides placed in a D. C. electrostatic precipi- 
tator. The Formvar films were then stripped 
from the slides and mounted on conventional 
electron-microscope grids for photographing. 
Since difficulty in stripping the film was 
encountered, Fume B and Fume C were 
collected directly on silicon monoxide-coated 
microscope grids in a modified A. C. electro- 
static precipitator. Random fields were 
selected, enlarged to 50,000, and sized with 
a millimeter scale, The mean sizes of the 
four fumes lie in the range of 0.01 to 0.05z. 
It can be seen from the micrographs, how- 
ever, that the fumes contain large numbers 
of agglomerates. Although particles as small 
as 0.005» can be recognized, clusters as large 
as 0.6u are present. In sizing these particles, 
no attempt was made to resolve an aggregate 
into discrete particles ; size was taken as the 
projection of the particle (or cluster) on a 
horizontal line. 

Lead Content of Filters —Blank lead de- 
terminations of several non-acid-washed fil- 
ters were made, and mean values are shown 


FILTER 


PAPERS 


in Table 6. These values were subtracted 
from the total lead on the papers in deter- 
mining their efficiencies. The high lead blank 
of all the papers listed in Table 6, with the 
exception of HA and AA plain Millipore 
filters, makes these papers unsuitable for 
evaluating air-borne lead if the blank content 
exceeds 10% of the total lead determinations. 

The presence of lead in the paper media 
can probably be traced to a lead-contaminated 
water in manufacture, whereas in the case 
of glass media, lead present as a trace heavy 
metal is extracted during treatment with hot 
nitric acid because of rapid leaching from the 
high surface area of the fine fibers (<0.5p). 
The green grid-marking ink used on some 
Millipore filters tested has a high lead con- 
tent judging from the high blank in Table 6. 


SUMMARY AND CONCLUSIONS 

Several commercially available analytical 
filter papers were tested to determine which 
are best suited for field sampling of air- 
borne lead from the standpoint of resistance, 
efficiency, and uniformity of efficiency. Tests 
were made with lead fume produced by four 
different methods comparable with those 
found in practice. Electron micrographs of 
these fumes indicated mean sizes in the 0.01 
to 0.054 range. Discrete particles as small 
as 0.0054 were recognized, but the fields 
contained large numbers of aggregates, some 
as large as 0.6p. 

The collecting efficiency of five of these 
papers was high (greater than 75%) and 


Taste 6—Lead Content of Filter Papers Not 
Previously Acid Washed 


Paper 
Paper Thiek- No. Mean 
Diameter, ness, Papers Pb Con- 
Paper Cm. Mm. Tested tent, y 
Whatman 352 ..... 12.5 0.157 4 25 
12.5 0.229 2 45 
Hurlbut 2935-B .... 12.5 0.254 2 29 
MSA All Glass Web 
12.5 0.254 2 58 
HA Millipore 
AA Millipore 
i eee 5.0 0.127 4 04 
AA Millipore (green 
grid-marked) 5.0 0.127 4 380 
Schleicher & Schuell 
12.5 0.330 2 26 
Schleicher & Schuell 
12.5 0.178 2 10 
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fairly uniform (5% average deviation). For 
convenience they can be placed into three 
resistance groups. Whatman No. 41 is the 
best in the low resistance group (less than 
0.3 in. H2O/sq. ft./c. f. m.), Munktell No. 00 
in the medium resistance group (between 0.3 
and 1.0 in. H2O/sq. ft./c. f. m.), and What- 
man No. 42 and 44 and HA Millipore in the 
high resistance group (greater than 1.0 in. 
H2O/sgq. ft./c. f. m.). 

Collecting efficiency was found to increase 
with decreasing sampling rate, indicating 
diffusion as the principal separating force. 
No effect of fume concentration on efficiency 
was noted except when high fume loadings 
were sampled. In these cases presumably, 
fume deposited in the void spaces of the filter 
media, and efficiency was increased by the 
filtering action of the deposited aerosol. 


TasLe 7.—Sise Characteristics of Experimental 
Lead Fumes 


Mean Geometric 
Method of Size by Standard 
Fume Generation Count, Deviation 
A Combustion of tetra- 
ethyl lead 0.030 4.67 
B Molten lead in nitro- 
gen atmosphere 0.019 2.34 
Cc Molten lead in air 
atmosphere 0.012 2.08 
D Lead powder burned in 
air-gas flame 0.045 1.55 
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Obituaries 


LEWIS RYERS THOMPSON, M.D. 
1883-1954 


R. THOMPSON died at the Public Health Service Hospital in Balitmore on Nov. 12, 1954, 

8 years after his retirement from 36 years of active duty in the Service. 
He is best known to us concerned with industrial health for initiating the Public Health 
Service studies of the dusty trades, the first of which was on cement (1928), followed by a 


LEWIS RYERS THOMPSON, M.D. 
1883-1954 


study of the granite industry in Barre, Vt. (1929). The latter comes close to being one of our 
classics and set the pattern for future industrial hygiene work by the Public Health Service. 
Their later study (1933) of lead hazards in the storage-battery industry has had a great 
influence on standards set for workplaces wherever a toxic dust is encountered. 

In the general field of public health, Dr. Thompson will always be remembered for 
organizing, with Dr. Cumming, the National Institutes of Health, of which he was director 
from 1937 to 1942. It was he who thus brought together the research work of the Service 
and paved the way for the later administration on a large scale of the Service medical and 


health research. Pune Denne 


a 
¢ > of... 
; 
‘ 
: 
251 
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EpITep BY Dr. CHRISTOPHER H. Woop 


General 


KITCHENER EXPERIMENT IN INDUSTRIAL HEALTH Services. P. H. Nasu, Canad. J. Pub. 
Health 45:416-419 (Oct.) 1954. 


The Ontario Division of Industrial Hygiene, working with the Kitchener Health Department, 
is offering a free trial of an industrial health service to the small plants in Kitchener. 

The trial period of two years is being financed largely by a federal grant, at the end of which 
time the participating plants will have to decide whether they want to continue the service and 
to pay for it themselves. 

The program which is offered to these plants includes preplacement and periodic medical 
examinations, first-aid care for injuries and medical emergencies, supervision of employees 
returning to work after illness or injury, health counseling, health surveys of the plant, and 
industrial hygiene service. These activities are covered by specially trained nurses, local 
practitioners, and the staff of the Division of Industrial Hygiene. 

A standard type of health center has been designed which is being constructed by those 
plants which have no suitable existing accommodation. A system of individual health records has 
been started, and an attempt is being made to assess the value of the service as a whole in order 


that the participating plants may be able to decide at the end of the two-year period whether they 
will continue the experiment. 


ENGINEERING AND INDUSTRIAL HyGIENE. P. DRINKER, Brit. M. J. 2:1337-1340 (June 12) 1954. 


Current methods of industrial insurance in the United States are described, and the value 
of the insurance companies’ inspection schemes is stressed. The origin and development of indus- 
trial services in the United States are recounted. 

The role of the industrial hygienist in establishing a safe working environment in industry is 
emphasized, and threshold limits for various toxic substances, adopted by the American Con- 
ference of Governmental Industrial Hygienists in 1953, are listed. 


The control of noise in industry is referred to. 
y From THE AUTHOR’S SUMMARY. 


Fottow-Up or MeEpIcaAL INPATIENTS IN A GENERAL HOSPITAL WITH SPECIAL REFERENCE 


TO WorKING Capacity. R. E. Lang, N. GoOopDMAN, and M. P. SaAuNpDERs, Lancet 1:1229- 
1232 (June 12) 1954. 


Adults admitted to the medical wards of the Salford Royal Hospital during the year 1950 
were followed up three years later to assess their working capacity. Most of the inquiry was 
carried out by post. 

Information was obtained on 887 patients (91% of the admissions). 

On admission, 413 (80%) of the men were in employment; 54 (10%) were retired; 29 (6%) 
were unemployed, and no information was available for 19 (4%). At the time of the follow-up, 
the state as regards employment was as follows: employed, 225 (44%); unemployed, 42 (8%) ; 
retired, 21 (4%); uncontacted, 47 (9%), and dead, 180 (35%). 

For the women this information was not so easy to obtain, because there was often ambiguity 
as to whether, in describing herself as having “no job,’ a woman meant that she was unemployed 
or that she was a housewife; however, 73% of the surviving women were able to manage their 
household duties at least as well as before admission. 

Of the 251 men employed on admission, now alive and contacted, 177 (71%) were in the same 
or in similar work as when admitted to the hospital; 42 (17%) had to change their jobs for 
reasons said to be connected with their health; and 28 (11%) had become unemployed for 
similar reasons. Only 9 of the 70 latter patients might have fared better with additional help. 


P. J. R. [Buwt. Hye.]. 
252 


= 


ABSTRACTS FROM CURRENT LITERATURE 


Mute SpiInnInNG (HEALTH) SpectaAL REGULATIONS, 1953. Factories Acts, 1937 and 1948, 
Ministry of Labour and National Service, Great Britain, Dec., 1953. 


The important points in these regulations are that only oil of animal or vegetable origin 
may be used for oiling spindles of self-acting mules and that workers employed in spinning at a 
self-acting mule must be medically examined every six months. The regulations came into 


force on July 1, 1954. CHARLES Witcocks [ButLt. Hyc.]. 


ABSENTEEISM DvuE To PULMONARY DISEASES AND INCIDENCE OF DISTURBANCES INVOLVING 
THE PULMONARY TRACT AMONG WoRKERS EXPOSED TO CONTINUAL INHALATION OF 


IRRITANT GASES AND Vapors. L. GHIRINGHELLI, Med. lavoro 45:474-481 (Aug.-Sept.) 
1954. 


The effects caused by the continual inhalation of irritant gases and vapors on absenteeism 
due to pulmonary diseases and on the incidence of the subjective and objective disturbances 
observed in the respiratory tract have been studied among 509 men working in a chemical plant. 


Values obtained were compared with those of 977 other workers, under observation, who inhaled 
uncontaminated air. 


It was found that the continual inhalation of irritant gases and vapors produces: (a) an 
increase in absenteeism due to pulmonary diseases during the winter period; (b) an increase in 
the subjective and objective disturbances involving the respiratory tract. 


From THE AvuTHOR’S SUMMARY. 


Occupational Diseases and Hazards 
AsTHMATIC IN INpustry. N. K. Weaver, Ann. Allergy 12:575 (Sept.-Oct.) 1954. 


The asthmatic industrial employee presents a number of problems which must be solved if 
he is to remain an effective worker. Some of these problems are discussed in this paper. 
Specific sensitization to dusts, fumes, and gases may occur in any industry, resulting in conditions 
analogous to bakers’ asthma or millers’ asthma. Fortunately, such cases are uncommon, and 
their resolution is simple; barring effective desensitization, the employee must be removed from 
the environment harmful to him. The author never observed an example of true occupational 
asthma in a large refinery and pectrochemical plant with 7,500 employees. Gasoline fumes or 
other petroleum gases have been cited as asthmagenic factors in certain cases, but the author has 
never observed this in the asthmatic employees in the refinery. When an employee alleges 
aggravation of an asthmatic condition by some gas or fume, the author finds it desirable to 
supplement the history by observation of an actual exposure, perhaps doing pulmonary function 
determinations before and after the exposure. 


The author presents the history of a case in which the history alone was sufficient to rule 
out the alleged deleterious effect of petroleum gas. It was found that the man’s attacks invariably 
began at night in his home and that his wheezing frequently improved while on the job. Skin 
testing disclosed positive reactions to house dust and molds. Avoidance of dust and desensitiza- 
tion resulted in relief. 


Industrial dusts and fumes which may act as primary irritants to the respiratory tract 
constitute a problem. A slightly contaminated atmosphere which may be well tolerated by 
normal persons may have devastating effects upon an asthmatic. The inhalation of acid fumes 
or chlorine gas may precipitate an attack of wheezing, but such strongly irritating substances 
actually do not represent much of a problem during normal plant operations, since steps have 
been taken to insure their control. The employee with asthma knows of their existence and 
avoids them. With milder irritants (dusts, smokes, etc., in low concentration) the cause-and- 
effect relationship may not be so clear; here, the use of pulmonary function tests before and 
after exposure may be of great help. 

In the Baton Rouge Refinery an effort has been made to identify all significant respiratory 
irritants and to define their areas of exposure. It is thus possible to “restrict” the asthmatic 
employees from conditions harmful to them. For administrative purposes, the employee with 
asthma is considered to have a permanent partial disability, and his job assignment is handled 
in a manner analogous to that of other handicapped employees. A worker should not be per- 
mitted to continue in a type of work which clearly jeopardizes his health. The placement of 
the older, long-service employee (who may have developed asthma of the “intrinsic” type) may 
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be complex. A radical change in job may deprive him of the opportunity to utilize long-acquired 
skills and experience. Almost nothing leads to quicker mental and physical deterioration of 
the elderly employee than the feeling that he is being “placed on the shelf.” 

Disability retirement is never indicated in uncomplicated bronchial asthma, which is a 
paroxysmal disease characterized by periods of disability alternating with periods of well-being. 
It is only in the relatively few respiratory cripples, due to emphysema and chronic pulmonary 
disease associated with asthma, that premature retirement can be rationally recommended. 


TUBERCULIN SENSITIVITY AND TUBERCULOSIS IN 1,779 Nurses. G. Poo te, Brit. J. Tuberc. 
48:230 (July) 1954. 


Since the Queen Elizabeth Hospital in Birmingham opened in 1939, all nursing students, a 
total of 1,779, entering the preliminary training school have been Mantoux-tested and x-rayed. 
Further x-rays were taken at three-month intervals, and efforts were made to repeat the Mantoux 
test until conversion took place. Old tuberculin was used throughout. 

At the age of 18 years, 57% were positive to 0.1 mg. old tuberculin, while at 25 and over, 
78.5% were positive. With all ages combined, over 70% were positive to 0.1 mg. old tuberculin in 
1939-1940, but only 50% in 1951-1952. The ratio of positivity to the Mantoux test was about the 
same, whether the nursing students did or did not have another occupation before beginning 
training. Combining all ages, 61.2% with no previous occupation were positive to 0.1 mg. old 
tuberculin, 63.6% with some previous occupation were positive, and 71.4% of second-year nurses 
were positive. Complete records of regular retesting were available for 314 nurses initially nega- 
tive; 229, or 72.9%, converted to positive during training. Eleven cases of erythema nodosum 
occurred; of these, six developed within a few months of conversion to a positive Mantoux test, 
two developed soon after the commencement of training, and three at intervals of 17, 20, and 30 
months after entry in nurses in whom the Mantoux test had initially been positive. Phlyctenular 
conjunctivitis developed in one nurse shortly after conversion to Mantoux positivity. 

Tuberculosis developed in 40 nurses during their training period; 25 of them had initially 
been Mantoux negative. The case incidence was 4.5% in the nurses who had a negative Mantoux 
test when they began training but only 1.2% in those who initially had a positive test. The 
period between 12 and 18 months after conversion to positivity seems to be particularly dangerous. 

The administration of BCG, which since 1950 has been offered to all nursing students who 
have a negative Mantoux test when commencing their training, seems to be proving helpful. 


Routine chest x-ray examination of patients admitted to hospital is desirable to eliminate the 
dangerous unsuspected sources of infection. 


OBSERVATIONS IN CAPLAN’s SYNDROME. L. Rocue, M. Kuentz, and M. GENeEvots, Arch. 
mal. profess. 15:303-307, 1954. 


This syndrome is named after Caplan, because in 1953 he pointed to an association between 
pulmonary silicosis and chronic progressive polyarthritis. He found it 51 times among 14,000 
silicotic subjects examined in Great Britain. In one-quarter of the cases the pulmonary fibrosis 
presented rounded, well-defined opacities, from 0.5 to 5 cm. in size, in the periphery of the lungs, 
quite a different picture from that of silicotic nodules. X-ray appearances in one case are illus- 
trated, showing the chest, the hands, and the pelvic girdle. Comparatively fewer cases have been 
reported in Belgium and France, possibly because there is normally more rheumatism in Great 
Britain. Although tubercle bacilli were not found in the sputum, this infection was found after 
death in three cases. 

A connection has previously been recognized between pulmonary tuberculosis, other pul- 
monary conditions, and even pulmonary cancer and articular lesions. Further extended inquiry 
is needed before polyarthritis can be accepted medicolegally as a complication of silicosis. A 
precise opinion cannot be hazarded until a comparison has been made between the percentage of 
rheumatism among miners with normal x-rays of their lungs and that of miners with silicosis. 


Coutts. 
EXPERIMENTAL RESEARCH INTO THE HARMFUL NATURE OF FELDSPAR Dusts. A. POLICARD 
and A. Cotuet, Arch. mal. profess. 15:343-350, 1954. 


Feldspars occur in most igneous rocks, and exposure to their dusts is frequent. There are 
three types of feldspars. The commonest is orthoclase, a silicate of aluminum and potassium. 
Then come pericline, a sodium aluminum silicate, and labradorite, a combination of calcium 
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aluminum silicate and sodium aluminum silicate. In order to investigate their possibly harmful 
properties, 100 mg. of each, in fine particles less than 5 # in size, were injected intraperitoneally 
into rats. After one month and up to four and one-half months, the consequent reactions were 
observed. They are shown in microscopic illustrations. A certain amount of fibrosis was found, 
increasing with time after the injections; it was most marked for labradorite and least for 
orthoclase. 

With pericline the lesions were quicker to form and richer in collagen. Compared with that 
produced by the feldspars, the fibrosis caused by silica is always more intense and the formation 
cf collagen more abundant. 

The feldspars are more harmful than kaolin and the micas but less so than fluorspar or 
silica, E. 


InyJuRIES TO HEALTH FROM VANADIUM COMPOUNDS. 


F, PrersticKer, Arch. Gewerbepath. 
u. Gewerbehyg. 13:73-96, 1954. 


In 1911 Dutton in America, on the basis of observations on workers engaged in extracting 
vanadium from Arizona ore, considered vanadium a severe health hazard, especially with regard 
to its chronic effect on the lungs and its tendency to predispose to tuberculosis. He also described 
inflammation of the gastrointestinal tract and kidneys, anemia, nervous disorders, and loss of 
weight and stated that in acute cases the prognosis was bad, with fatal results from long- 
continued exposure. 

The author disagrees with this opinion of the severity of both injurious effect and prognosis. 
His observations are based on the production of ferrovanadium from vanadium-containing 
basic slag after extraction of soluble sodium vanadate. 

The characteristic injury is irritation of the respiratory mucous membrane, including that of 
the nose. A dry cough, especially disturbing at night, sometimes accompanied by dyspnea and 
asthmatic symptoms, affects practically every worker to some degree, which varies with indi- 
vidual susceptibility. 

The severe cough may produce blood-streaked sputum but no true hemoptysis, and the 
symptoms usually disappear with cessation of exposure. X-ray appearances in the lungs are 
those of increased striation due to bronchitis, but there is no specific picture of “‘vanadium lung.” 

The author disputes the opinion of Wyers that the lungs of vanadium workers show reticu- 
lation as a specific effect ; he observed it in one case only in which there was no evidence of any 
catarrhal inflammation of the nose or lungs. 

He found little or no evidence of gastrointestinal, circulatory, kidney, liver, or nervous dis- 
orders but did observe some loss of weight and hypochromic anemia. 

Examination of a series of workers five years after cessation of exposure showed no prog- 
ressive deterioration of the lung condition, and there was no evidence of a causal predisposition to 
tuberculosis or of activation of an existing tuberculous or other infection. The author emphasizes 
his belief that the existence of chronic vanadiumism has not been demonstrated. He recommends 
protective measures in the form of closed apparatus, exhaust ventilation, and the wearing of 
respirators, but he states that it is difficult to estimate how far the insitution of these has been 
responsible for the difference between his results and those of American experience. 

The article is illustrated by x-ray photographs of the lungs of individual cases. 


EtHeL BrowninG Hye.]. 


OPHTHALMOLOGICAL SYMPTOMS IN CHRONIC CARBON MoNoxIpE Porsoninc. T. HELMINEN, 
Arch. Gewerbepath. u. Gewerbehyg. 13:132-138, 1954. 


Between 1945 and 1948 the author examined by means of a special spectroscopic perimeter 
(Maggiore’s) about 570 cases of suspected chronic CO poisoning, testing the concentric field 
of color vision by the movement of blue, green, and red objects on the perimeter scale. 

He found that all except about 10% showed some restriction, which he classified as slight, 
moderate, severe (blue and green within 20 degrees), and specially severe (all colors within 
10 degrees). 

He found the red field the least affected, and during convalescence the first to recover; the 
white field also showed some restriction. 

The author states that this finding is not specific to CO poisoning; it occurs also with 
exposure to sulfuric gases in the artificial silk industry, but he considers that it offers valuable 


support to the diagnosis of chronic CO poisoning. Ernet Browntne [Butt. Hye.]. 
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ENDOGENOUS CARBON MONOXIDE IN INDUSTRIAL MEDICINE. R. BARTHE, Arch. Gewerbepath. 
u. Gewerbehyg. 13:145-153, 1954. 


Cases of high carbon monoxide blood content have been observed in persons who have had 
no industrial exposure to CO, so that this condition cannot be completely relied upon as diag- 
nostic of chronic industrial CO poisoning. This “endogenous carboxemia” may occur in two 
groups of persons: (1) those in whom it is the expression of repeated minimal CO fixation, 
c. g., tobacco smokers, domestic workers, or garage attendants; (2) those in whom there is no 
known exogenous cause but in whom it may possibly be associated with oxygen deficiency from 
heart or lung disorder or with nutritional disturbance, such as inadequate metabolism of carbo- 
hydrate. 

This condition can be postulated only when repeated atmospheric analyses show the absence 
of any industrial hazard, when the patient is a nonsmoker, and when repeated estimations over 
a long period of the CO-blood curve show only slight deviations from the constant value, con- 
sistent with errors in the method of estimation, or occasional paradoxical variations associated 
with some pathological disturbance. 

Chronic CO poisoning should not be diagnosed without a systematic investigation of the 


relation between symptoms and increasing carboxemia and of every possibility of exogenous 
CO intake. : 
ETHEL Hyc.]. 


Carbon MONOXIDE AND HiGH Bioop Pressure. F. Borsety, Arch. Gewerbepath. u. Gewer- 
behyg. 13:154-165, 1954. 


This article represents the results of a 21-year investigation of workers in a gas-coke works, 
including 37 who had received premature pensions and the causes of death in 75. 

The investigation also comprised estimations of the CO content of the atmospheric air at 
various points of the plant and of the carboxyhemoglobin content of the blood. 

The air estimations, made by an ultrared absorption technique, showed that the highest con- 
centration of 0.1% was inhaled for not longer than one to two minutes. 

The carboxyhemoglobin content of the blood and the readily oxidizable iron (pseudohemo- 
globin) were estimated by the methods of Wolff and Barkau, respectively, and showed average 
values of 3.12% for carboxyhemoglobin and 12.67 mg. per liter for pseudohemoglobin. Further 
estimations, taking into account work sites and smoking habits, showed that these levels could 
be more closely correlated with smoking than with CO intake. 

Clinical investigation, including careful anamnesis to allow for familial tendency to circula- 
tory disorders, age, nutrition, excessive smoking, alcoholism, infections, respiratory and urinary 
disorders, was directed toward demonstrating the incidence of labile and fixed hypertonia, periph- 
eral circulatory disturbances, aortic and arteriosclerosis, varicose veins, and myocardial injury. 

It was decided that the results showed no statistical correlation between the exposure to CO 
in the conditions described and the disorders of the circulation, especially high blood pressure. 


EtHet [Butt. Hye.]. 


AcTION OF DIFFERENT ForMS OF SILICA IN ANIMAL EXPERIMENTS. W. KLOSTERKOTTER 
and K. W. Jorten, Arch. Hyg. u. Bakt. 137:625-636, 1953. 


This paper summarizes and discusses a number of intratracheal injection experiments on rats 
with different forms of silica and silicates. These were supplemented by a few intraperitoneal- 
injection and dust-inhalation experiments. The particle size of the dusts was in the range of 
0.5 to 3.0 wu, the dosage was 50 mg. per rat, and over 400 animals were used. 

First, it was shown that molecularly dispersed silica on intratracheal injection of a 0.2% 
solution caused edema of the lungs, leading to immediate death. Weaker solutions showed no 
permanent lung changes at all. 

Amorphous silica was given in the form of Aerosil; 10 mg. per rat intratracheally and 50 
mg. intraperitoneally were lethal doses. Sublethal amounts produced necrosis, bronchitis, and 
other cell reactions but did not produce any fibrosis. The same held for larger amounts of Aerosil 
mixed with polyvinylpyrrolidone (Periston), which seem to inhibit the toxic effects to some 
extent. Only in intraperitoneal tests were rare slightly fibrosed nodules formed. 

The following materials were all given by intratracheal injection, and the classification of 
Belt and King for degree of fibrosis is used by the authors. Silica gel did not cause any fibrosis 
but had a toxic effect; an opal with about 30% quartz gave fibrosis Grade 1 after 4 months and 
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Grade 2 after 12 months; a flint with 70% quartz gave Grade 3 after 12 months. Quartz was 
given at four different levels from 20 to 75 mg. per rat. The results were similar to those 
described by King and associates, fibrosis up to Grade 5 being seen; the higher the doses the 
quicker was the fibrosis. 

The authors point out that, in the presence of inflammatory processes, pneumonia, lung 
abscesses, there is distinctly less fibrotic tissue formed. 


Two silicates were also tested. Potash feldspar gave Grade 1 after 15 months, and hornblende 
proved to be completely inert. 


The results are summarized in a table, and the following conclusions are drawn: 


1. It is likely that the toxic effects seen with molecularly dispersed silica are a result of 
colloidal silica which originates through polymerization at high concentrations. 


2. Colloidal silica is very toxic and may under suitable conditions produce slight fibrosis. 

3. The silica solubility theory cannot be stated, as the higher the solubility the greater the 
fibrosis. It is possible that a slow supply of colloidal silica of a particular kind is required. 

4. Crystal structure considerations may be valid, but so far no acceptable theory of the 


origin of the silicotic nodule can be given. G. Nacetscumipt [Butt. Hye.] 


Or1IGIN OF S1Licosis CAUSED BY FLINT AND Bone Meat Dust. C. STEINECK, Beitr. Silik.- 
Forsch. 24:21-48, 1953. 


The paper describes working history and postmortem findings of a peculiar silicosis case 
examined in 1952. 

The man in question had no history of previous dust exposure when, at the age of 26 years, 
he worked for something like six months in a very dusty flint crushing plant (in 1922). He 
changed his work for reasons not connected with his health and worked in nondusty jobs for 
11 years, followed by 4 years of unemployment. 

Fifteen years after the original flint dust exposure he started on another dusty job, namely, 
grinding bones in a bone-meal factory. After 11 years (1949) he had to stop this work on 
account of increasing dyspnea, and he was employed as watchman for the rest of his life. 

Although he was under medical supervision on account of his asthmatic symptoms from 1945, 
he was not x-rayed until November, 1951, seven months before his death. 

A claim for silicosis compensation based on complete incapacity and on the x-ray, which 
showed large areas of massive fibrosis and nodulation, was refused, because an exposure to flint 
dust of only six or seven months was believed to be insufficient to cause silicosis. When the man 
died shortly afterward, a renewed claim by his widow led to a postmortem examination. This 
showed a very obvious massive fibrosis in the hilar regions of both lungs and the presence of 
much dust. Quartz, coal, and bone meal were all identified by chemical and microscopical obser- 
vations. 

The main part of the paper is concerned with trying to explain how the disease progressed 
in this case and with drawing comparisons with cement and talcum pneumoconioses and other 
cases described in the literature. 

The conclusion is the following. There must have been a very massive dust exposure of the 
kind which causes acute silicosis. For certain reasons, perhaps due to the man’s constitution, this 
exposure led only to symptom-free silicosis of perhaps Stage 1 after 15 years. His lungs, however, 
were weakened so that they could not cope effectively with the following invasion of bone meal. 
Although bone meal is probably quite harmless normally, it settled along with the flint dust, 
reactivated the latter, and thus caused the silicosis to progress to Grade 3. Tuberculosis, sug- 
gested by the macroscopical examination, could not be confirmed by the sections. 


G. Nacetscumipt [Butt. Hyc.]. 


PNEUMOCONIOSIS IN A FELDSPAR WorKER. W. Rotter and H. Gartner, Zentralbl. Arbeits- 
med. u. Arbeitsschutz 4:35-40 (March) 1954. 


The authors describe a fatal case of lung disease in a feldspar worker, which, though it was 
not typical of true silicosis, they regard as one of “modified silicosis,” the variation being due 
to the mixed character of the dust inhaled. 

The feldspar dust contained 27.1% of potassium feldspar (K Al SisOs), 14.7% of sodium 
feldspar (Na Al SisOs), 12.8% of kaolin and other minerals, and 45.4% of quartz. 
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Postmortem examination showed, in addition to extensive chronic tuberculosis of both 
lungs, with caseation and cavitation, diffuse dissemination of large-cell dust granulomata in both 
lungs. 

These nodules, which surrounded the small arteries and extended into the alveolar walls, con- 
sisted of macrophages, 1 to 2 u in size, containing brown or black amorphous dust. Confluent 
granulomata resembled silicotic nodules, but there was very little increase of reticular fibers, no 
hyaline formation, and very little increase of collagenous tissue. The lymph nodes contained 
similar dust granulomata. 

Microscopic and polarimetric examination of the dust particles obtained from the lung 
tissues by ashing and defatting showed that many were doubly refractive. | 

In discussing the reason why the lesions were not typical of silicosis in view of the quartz 
content of the feldspar, the authors suggest that the aluminum, potassium, sodium, and calcium 


ions or oxides in the feldspar tend to inhibit or neutralize the silicotic effect of the crystalline 


quartz particles. ETHEL Browninc [Butt. Hye.]. 


Capmium Porsoninc. D. Hunter, Arhiv hig. rada 5:221-224, 1954. 


The occurrence of chronic cadmium poisoning is here considered. It has been held to cause 
vesicular emphysema with proteinuria, the protein being unlike albumin since it is not coagulated 
by heat. Anosmia, chronic rhinitis, and yellow discoloration of the teeth have also been reported. 
Exposure to cadmium fumes occurred in casting an alloy of copper and cadmium. In the process 
a master alloy containing 30 to 50% cadmium was added to molten copper and stirred by hand. 
The final alloy contained 1% cadmium. (The preparation of the master alloy seems to have been 
carried out elsewhere.) A newer type of furnace, electrically heated and mechanically controlled, 
with no exposure to fumes, is now in use. 

Sixty-three men who had been exposed for years to cadmium fumes were carefully examined 
and compared with an equal number of other men of the same age, in the same factory, but not 
exposed to the fumes. The examination comprised an interview, a clinical overhaul, and a study 
of erythrocyte sedimentation rate, of hemoglobin concentration, and of red cell count, as well 
as urinary analysis. Among the men exposed to cadmium fumes the findings showed that 16 had 
symptoms possibly due to cadmium, 8 being cases of emphysema and proteinuria, 6 being 
emphysema without proteinuria, and 2 being proteinuria without emphysema. Among the con- 
trols there were four cases of chronic bronchitis and emphysema and one of albuminuria. The 
sedimentation rate was raised in 33 exposed men and in only 16 of the controls. Hemoglobin was 
below 100% in 25 exposed men and in only 9 of the controls. © t. Com 


Industrial Toxicology 


EXPOSURE TO METHANOL FROM SPIRIT DUPLICATING MACHINES. R. G. McALLIstTER, Am. 
Indust. Hyg. A. Quart. 15:26-28 (March) 1954. 


As duplicating machines, which are so much used in offices, are at work, one roller is 
kept covered with a solvent or spirit fluid, a mixture of methanol, ethanol, and cellosolve, the 
methanol content varying from 40 to 100%. The fluid is fed to the roller by a felt pad from a 
reservoir. A gallon of solvent is used in taking from 8000 to 12,000 copies, and steps are not taken 
to control the spirit evaporating into the air. 

In one small office room the air was passed through fritted glass bubblers containing water 
at a rate varying from 8 to 5 liters per minute. The water was then analyzed for methanol by 
oxydizing the methanol to formaldehyde and testing with Schiff’s reagent. The air was sampled 
during runs of 300 to 400 sheets on four different makes of duplicators. Concentrations of 
methanol were found from 400 to 800 ppm in the breathing zone and as high as 1000 ppm in the 
general air. The American Standards Association has adopted 200 ppm as the maximum allow- 
able concentration on the basis of an eight-hour exposure per day. In a larger office, where four 
machines were running, concentrations of 155 to 420 ppm were found. No evidence is given that 
anyone was in any way affected by inhaling the charged air. No difficulty arose in lessening the 
concentrations by free ventilation and by enclosing the machines with exhaust draught locally 


applied. Coes. 
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ToxtcoLocicaL Data: Sources oF INFORMATION AND Future NeeEps. H. F. Smytu Jr., 
Am. Indust. Hyg. A. Quart. 15:203-205 (Sept.) 1954. 


The inquirer mentions the unpleasant odor of tellurium in a smelter and asks whether a health 
hazard is present and how the persistent odor on the body can be eliminated. The offensive odor 
may arise when the exposure exceeds 0.1 mg. per 10 cu.m. of air, and it may persist for months 
after termination of exposure. The odor may arise in the absence of any known organic injury. 
It is reported that daily intake of ascorbic acid will prevent the odor, but it must be continued 
at least two or three times weekly, or the odor will return. Somnolence is another effect of 
tellurium exposure and increases accident frequency. Sometimes suppression of sweat, nausea, 
dryness of mouth, and loss of appetite occur. Tellurium may be lacking in seriously injurious 
properties but is of importance because of the foul breath and somnolence. 


INpust. DiGEst. 


PERMEABILITY OF LUNG PARENCHYMA TO PARTICULATE MATTER. PAUL Gross and MARIAN 
Westrick, Am. J. Path. 30:195 (March-April) 1954. 


The authors consider the problem of the mechanism by which particulate matter enters the 
parenchyma of the lung. They consider the heretofore accepted concept that particles are able 
to penetrate to intrapulmonary tissue only through incorporation into phagocytes, and they point 
out features which seem to make this theory unacceptable. They indicate that direct penetration 
seems much more likely. 

Rats were killed with ether, and their lungs and main airways were removed intact and 
mounted in a chamber to simulate a thorax, inclusive of proper pressure variations. Carbon 
dust of 0.14 size was circulated for various lengths of time and under differing pressures 
Many changes noted were regarded as artifact; however, dust particles in the perivascular 
end the peribronchial tissues were not regarded as such. 

Into the tracheas of a second group of rats, India ink was instilled (particle size, 0.2«), 
ard these animals were killed at intervals of four hours to four days. Extracellular foci of 
particles were noted in animals killed after 19 hours, when examined with the oil immersion lens. 
Animals examined at four hours did not show this penetration, and those animals examined 
at four days showed great cellular response with considerable intracellular particulate matter. 
Animals dying of pneumonitis showed no response. 

Photomicrographs are presented in support of the direct penetration of particulate matter, 
and it is suggested that membrane defects may play a role, with changing thoracic pressures 
and respiratory excursions also contributing. The particles may be carried to perivascular and 
peribronchial positions by the extracellular fluid current which initially is toward the alveolus 
as a normal response to local stress. 

The authors contend that most interstitial pneumoconiotic pigment deposits are probably 


extracellular agglomerations of particles. E. R. Lausow, Boston. 


BCG VaccINATION IN Siticosts: I]. EXPERIMENTAL STUDY OF THE INFLUENCE OF INHALED 
Quartz Dust upon INFECTION BY BCG (Aronson), H37Ra, AND M. MARINUM STRAINS 
OF TUBERCLE BaciLui. A. J. VorwaALp, M. DworskI1, P. C. Pratt, and A. B. DELAHANT, 
Am. Rev. Tuberc. 69:766-789 (May) 1954. 


Having already demonstrated that BCG organisms of the strain Rosenthal 826L could cause 
progressive and often fatal tuberculosis of the lungs when injected intradermally into guinea 
pigs whose local tissue resistance had been impaired by the inhalation of quartz dust, the authors 
undertook further experiments to find out whether another strain of BCG, an avirulent variant 
of Mycobacterium tuberculosis found in sea fish, would produce progressive tuberculosis in guinea 
pigs in the same conditions. 

Twenty-five healthy animals were infected intradermally with BCG, and immediately after- 
wards they were exposed to quartz dust. Mantoux tests were done on 23 survivors 78 and 295 
days after infection. Tuberculin conversion took place in all cases. The period of observation 
was 608 days. Three guinea pigs died from progressive tuberculosilicosis, and autopsy exami- 
nation revealed tuberculosis in 13. The disease involved the lungs in four cases. Tubercle bacilli 
were isolated by culture from the tracheobronchial lymph nodes in 12 guinea pigs and from the 
lungs of 5 of the 16 whose lungs were thus examined. 

In the second experiment BCG infection was imposed upon established silicosis, exposure to 
quartz dust having gone on for 120 days before infection and being continued for the period of 
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observation after infection. Tuberculin conversion was seen to have occurred in the 22 animals 
tested. Autopsy showed tuberculosis of the tracheobronchial lymph nodes in 20 guinea pigs. 
It was seen microscopically as early as 62 days after infection. Pulmonary tuberculosis was 
subsequently found in 13 of 16 animals. Tubercle bacilli were isolated from the tracheobronchial 
lymph nodes of 21 of 22 animals and from the lungs of 12 of the 16 examined bacteriologically. 

In the third experiment 24 healthy guinea pigs were infected with BCG. None of these 
animals died naturally ; all were killed. Progressive tuberculosis of the lungs was not found up to 
608 days. Microscopic evidence of tuberculosis was found in the tracheobronchial lymph nodes 
of two animals. The condition was regressive. Positive cultures were obtained from the lymph 
nodes of 19 animals, at 547 days in one case. Cultures from the lungs remained negative 
throughout. 

In Experiments 4, 5, and 6, Myco. tuberculosis H37Ra of an avirulent strain was the infecting 
organism. It was injected into guinea pigs with developing and existing silicosis and also into 
healthy animals. In no case did the lungs or lymph nodes show evidence of tuberculosis. Tubercle 
bacilli were not isolated from the lungs of any of the animals studied bacteriologically, but they 
were cultured from the lymph nodes of 11 of 65 animals, all of which belonged to the group 
exposed to quartz dust, and 9 of the positive cultures were from animals which had been infected 
after being exposed to the dust for 120 days. 

Similar experiments were made with Mycobacterium marinum as the infecting organism. 
Tuberculin conversion was universal. Tuberculosis did not occur, nor were tubercle bacilli 
recovered from the lungs or lymph nodes. Observations were made on simple silicosis as seen 
in the lungs and lymph nodes of guinea pigs exposed to quartz dust but not infected with the 
tubercle bacillus, and the histological differences between silicosis and silicotuberculosis are given 
in detail and illustrated by photomicrographs. 

The virulence of the BCG and H37Ra strains isolated from the infected animals was studied 
by subinoculation into 164 other guinea pigs. There was no evidence of any exaltation of 
virulence. It was considered that the terms “attenuated,” “avirulent,” “stable,” and “virus fixé” 
applied to BCG are not absolutely accurate, for the adverse influence of quartz dust permitted 
progressive tuberculosis to follow infection. Increased tissue susceptibility could, of course, have 
been the causal factor rather than a change in the virulence of the organism, since both H37Ra 
and Myco. marinum failed to cause disease in the presence of silicosis. The mechanism by which 
crystalline-free silica enhances tissue susceptibility is unknown, and the authors speculate on its 


H. G. CALweE ct [Bu tt. Hyce.]. 


Use oF Quartz Dust For CHALLENGING THE VIABILITY OF TUBERCLE BACILLI IN TUBER- 
cutous Lesions. A. J. VorwALp, M. Dworsk1, and P. C. Pratt, Am. Rev. Tuberc. 
69:841-842 (May) 1954. 


Tuberculous lesions sometimes contain acid-fast bacilli which cannot be recovered on culti- 
vation or by guinea pig inoculation. The question arises, Are these bacilli alive or dead? On 
the assumption that finely divided quartz dust stimulates infection by the tubercle bacillus, the 
authors have devised a technique for mixing the contents of tuberculous lesions, removed 
surgically from patients under chemotherapy, with a suspension of quartz particles less than 
3 in size and injecting the mixture into guinea pigs. Control guinea pigs received the tuberculous 
material without the quartz. 

The results are promising in that five of nine specimens gave positive results with quartz 
but were all negative without quartz; of five other lesions, which did not show acid-fast bacilli, 
two gave positive results with quartz. 

The action of the quartz is probably to create a milieu in the tissues which is favorable for 
the growth of tubercle bacilli rather than to enhance virulence. 


Witcocks [Butt. 


MICRODETERMINATION OF METHYLENEDIOXYL OR COMBINED FORMALDEHYDE GROUPS. 
Morton Beroza, Analyt. Chem. 26:1970-1973 (Dec.) 1954. 


A good method for the determination of methylenedioxyl or combined formaldehyde groups 
is needed for studies of chemical structure. The method of Bricker and Johnson for the determina- 
tion of combined formaldehyde with chromotrophic sulfuric acid has been modified to obtain 
results that more closely approach theoretical values. By the modified procedure an absorbance 


260 


ABSTRACTS FROM CURRENT LITERATURE 


equivalent to 0.75 to 1.08 moles of formaldehyde is obtained per mole of methylenedioxyl group. 
The method has been tested by its application to 64 selected compounds of known structure. It 


is rapid and accurate, and the results are reproducible. Waoss suk Arnette Bouma 


STUDIES ON THE MECHANISM OF PROTECTION BY AURINTRICARBOXYLIC ACID IN BERYLLIUM 
PorsoninG: III. CorrELATION OF MOLECULAR STRUCTURE WITH REVERSAL OF BIOLOGIC 
EFFEcTs OF BERYLLIUM. ARTHUR LINDENBAUM, Marcia R. Wuite, and JACK SCHUBERT, 
Arch. Biochem. 52:110-132 (Sept.) 1954. 


The effectiveness of the dye aurintricarboxylic acid (ATA) as an antidote for acute experi- 
mental beryllium poisoning is apparently due to chelation between Be and the orthocarboxyl, 
hydroxyl groups in the ATA molecule and concomitant lake formation. More than 70 different 
substances have been tested to ascertain the relations between the number, kind, and position of 
functional groups and the ability of an organic molecule to reverse two biologic effects of 
Be—inhibition of plasma alkaline phosphatase and death in acutely poisoned mice. All com- 
pounds that failed to reverse the Be-induced inhibition of the enzyme also lacked antidotal 
activity. On the other hand, a compound that reversed the enzymatic inhibition did not necessarily 
protect mice from Be poisoning. The effectiveness of a molecule in reversing the biologic effects 
of Be is dependent upon a number of chemical and biologic factors, including the ability to form 
a stable five- or six-membered chelate ring with Be, molecular size, presence of hydrophilic 
groups, proton affinity of chelating groups, metabolism, and toxicity. 


NUCLEAR Sc. Asst. 


STUDIES ON THE MECHANISM OF PROTECTION BY AURINTRICARBOXYLIC ACID IN BERYLLIUM 
PorsonInGc: IV. COMPARATIVE EFFECTS OF RELATED COMPOUNDS ON SURVIVAL OF BE- 
PoIsONED ANIMALS AND ON DIstRIBUTION OF Be. Marcia R. WHITE and Jack Scuu- 
BERT, Arch. Biochem. 52:133-142 (Sept.) 1954. 


The ability of an injection of either sulfosalicylic acid or gentisic acid, given one hour before 
or after beryllium, to prevent death of mice injected with the L. D.os of BeSO, is lost when these 
compounds are injected four hours after or two hours before the Be. Salicylic acid loses its 
effectiveness when given about eight hours before or after Be. Aurintricarboxylic acid (ATA) 
loses effectiveness when given between 10 and 16 hours after Be and gradually loses protective 
ability when given more than one day before Be. When small, partially effective doses were 
compared on a molar basis, aurintricarboxylic acid was much more effective in protecting Be- 
poisoned mice than either salicylic acid or sulfosalicylic acid. Aurintricarboxylic acid was equally 
effective injected five minutes or one hour after the Be, while small doses of salicylic acid and 
especially of sulfosalicylic acid were less effective given at one hour. In comparison with 
aurintricarboxylic acid, which has been shown to have no effect on the distribution of Be that 
might explain its therapeutic effect in Be-poisoned mice, salicylic and sulfosalicylic acids injected 
one hour after radioberyllium caused a marked increase in Be? excretion and a reduction in the 
over-all retention of Be7. Since sulfosalicylic acid given four hours after the Be still causes 
this increase in excretion but does not prevent the death of the mice, the increase in Be excretion 
is not thought to be responsible for protecting the animals treated at one hour. Inactivation of 
Be by chelation in situ in critical tissues appears to be the important factor in preventing death 


of mice acutely poisoned with Be. Nucezah Sc. Anst 


STUDIES ON THE MECHANISM OF PROTECTION BY AURINTRICARBOXYLIC ACID IN BERYLLIUM 
PorsoninGc: V. Lonc-TERM DIsTRIBUTION STUDIES WITH C!4-LABELED ATA. ARTHUR 
LINDENBAUM, JACK SCHUBERT, and Marcia R. Wuire, Arch. Biochem. 52:143-147 (Sept.) 
1954. 


The distribution of a single injection of C!4-methyl-labeled aurintricarboxylic acid (ATA) 
in tissues was determined over a period of eight months in rats and after 24 hours in dogs. The 
levels of aurintricarboxylic acid retained in all rat tissues studied 24 hours after administration 
were retained for as long as one to three months. The highest concentrations were found in 
kidney, spleen, and liver. There were measurable amounts in all tissues for as long as eight 
months. Aurintricarboxylic acid appeared to be uniformly distributed in soft tissues, presumably 
as a protein-ATA complex, and was not detected in inorganic bone. 

NucLearR Sc. Asst. 
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INVESTIGATION ON THE ABSORPTION AND FIXATION OF CARBON BISULFIDE BY A NEW 


MeEtHop oF Estimation. K. Bossten, Arch. Gewerbepath. u. Gewerbehyg. 13:193-203, 
1954. 


It has been shown by earlier investigators that, after inhalation of CSs, 5% is eliminated 
through the lungs and 0.16% by the urine, so that 94 to 95% remains in the body, the tissues 
containing about 4.4 times as much as the blood. 

The author has used the colorimetric diethylamine method of Warncke for estimating the 
fixation of CS» by the various protein fractions of blood. 

The diethylamine reagent consists of 2 cc. of diethylamine, 10 cc. of copper acetate in 1,000 ce. 
of alcohol. 


The brown-yellow copper diethyl carbamate formed is estimated by means of a Zeiss-Pulfrich 
photometer. 

The protein fractions of the blood were estimated as N by the Kjeldahl ashing method and 
were found to be present in the porportions of 1.6 pseudoglobuiin, 3.5 euglobulin, and 2.1 albumin. 
These fractions and also cystine and cysteine were investigated for their capacity to fix CSz. 

An attempt was made to confirm the results by simultaneous estimations in which radioactive 
CS235 was used, but this method was considered unsuitable and unreliable. 

The results of the colorimetric estimation showed the highest fixation with albumin (an 
average loss of 80% of CS» when compared with a control experiment with water instead of 
blood), the next highest with euglobin, and only a very slight reaction with pseudoglobin. 

Examination of the cystine and cysteine fractions showed no greater fixation capacity than 
water for cystine but definite fixation with cysteine, which is therefore regarded as the essential 


portion of the albumin fraction for fixation of which the free SH group appears to be the active 


agent. ETHEL BrownincG [Butt. Hye.]. 


HybROGEN SULFIDE INTOXICATION: RAPIDLY TRANSIENT CHANGES IN THE ELECTROCARDIO- 


GRAM SUGGESTIVE OF MYOCARDIAL INFARCTION. W. J. KAIPAINEN, Ann. med. int. Fenniae 
43:97-101, 1954. 


The writer reports a case of hydrogen sulfide intoxication contracted when shoveling manure. 
Convulsions typical of hydrogen sulfide intoxication and rapidly transient changes in the different 
organs followed. Changes reminiscent of myocardial infarction were found on the electrocardio- 
gram. The changes were most marked two days after the intoxication had occurred and disap- 
peared in a few days. Kidney lesions were also obvious as nonprotein nitrogen rose to 90 mg. 
per 100 cc., and the sediment simultaneously showed red cells and hyalin cylinders. A month 


and a half later the patient felt well, apart from slight dizziness. Butt. Hyc 


On ALKYL MERcuURY PoIsONING, WiTH A DEscriIPTION OF Two Cases. O. Hook, K. D. 
LUNDGREN, and A. Swensson, Acta med. scandinav. 150:131-137 (Oct. 2) 1954. 


Alkyl mercury compounds are used in the manufacture of seed dressings. They are known 
to be toxic. Symptoms may not appear until some time after exposure has ceased; they present 
a neurasthenic syndrome, with fatigue, impaired memory, and headache; later paresthesiae and 
ataxia develop. One case occurred in a healthy man who had twice cleaned up spilt seed-dressing 
liquid and had also cleaned a storage tank for the seed dressing. He disregarded all safety pre- 
cautions, of which he was fully aware. A month after his last exposure he became unsteady 
on his legs, with numbness from the thighs downwards. A fortnight later he was taken to the 
hospital. Nothing was found to account for his clumsy, staggering gait, with moderate paresis. 
The condition became steadily worse. Dimercaprol (BAL) was tried without benefit, and the 
patient died in coma. Traces of mercury were found in most of the organs but particularly in 
the liver and kidneys. 

A second case was that of a farm laborer who dressed seed with an ethyl mercury com- 
pound. The seed dressing occupied most of the day. The patient often felt poorly after seed 
dressing, with headache, nausea, and tremor. Memory was affected, and he had unusually severe 
fainting attacks. He was carefully examined in a hospital. Dimercaprol gave good results without 
increasing the mercury in the urine, and he recovered slowly. 

A third case is also mentioned, in which dimercaprol was used with advantage, leading to 
almost entire disappearance of paresthesiae, together with definite excretion of mercury in the 
urine. For theoretical reasons the administration of dimercaprol in acute cases is not advised. 


E. L. Cot.ts. 
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Medicine and Surgery 


EpatHAMIL CatctumM-Disop1umM (VERSENATE) IN TREATMENT OF LEAD POISONING IN 


CHILDREN. R. K. Byers and C. Matoor, A. M. A. Am. J. Dis. Child. 87:559-569 (May) 
1954. 


The case histories of five children with lead poisoning who were treated in hospital with 
edathamil calcium-disodium are given. The criteria for diagnosis are at least three of the follow- 
ing six major signs: secondary anemia with basophilic stippling ; coproporphyrinuria; glycosuria 
in the presence of normal blood sugar ; x-ray evidence at the metaphyses of the shafts of the long 
bones ; signs of involvement of the nervous system, and vomiting. 

The dose of edathamil calcium-disodium was 1 gm. per 15 kg. of body weight per day; this 
was divided into two doses and administered intravenously in 250 cc. of 5% dextrose solution. 
Not more than 5 gm. per 15 kg. of body weight was given in any one week. An increase in lead 
output in the urine occurred, varying between tenfold and fortyfold, with rapid improvement in 
symptoms. 

Observations indicated that the occurrence of any infection will cause lead to be transported 
from the bones to the soft tissues and so precipitate signs of plumbism in a case where the lead 
in the body was lying quiescent; in such a case edathamil calcium-disodium is indicated 
immediately. 


HyproGen SuLFIDE Eye INFLAMMATION: TREATMENT WITH 


Cortisone. H. T. NYMAN, 
Indust. Med. 23:161-162 (April) 1954. 


Exposure to hydrogen sulfide and carbon disulfide may occur in the artificial fiber industry ; 
as a result cases of conjunctivitis are not infrequent. Such pain may occur in severe cases that 
the patient can neither sit nor lie but walks to and fro with head bent and eyes covered in great 
agony. Cocaine and atropine and strong pain-relieving drugs have given only incomplete relief. 
Tetracaine (Pontocaine) hydrochloride-epinephrine-zine solution was also tried. But zinc and 
atropine did not suit these cases. Patients were unable to work from one to eight weeks. 

After seven years’ experience with these cases, cortisone was tried. Cortisone acetate and 
isotonic saline solution in equal parts has been used. Two drops per hour are instilled into the 
eyes for 24 hours, and the patient becomes a new man subjectively and objectively. Since the 
introduction of cortisone not a single case of keratitis has developed. Two hundred thirty-seven 
patients have been treated with cortisone by the nurses at the first-aid station. Most of the 
cases have remained so mild that a physician has not been consulted, and lost time has been 
saved, the average number of working days lost being two. 

Viscose is also a dangerous liquid to touch the eye, and splashes in the eye have been treated 
in the same way with excellent results in 15 cases. One severe injury would certainly have 
produced loss of sight, but owing to this treatment the patient escaped with intact cornea. 
Other things apart, like reduced lost time and injury, the patients have been saved agonizing pain 


by the new cortisone treatment. E. L. Cottis [Butt. Hye.]. 


Use or Monocatcium DisopiumM ETHYLENE DIAMINE TETRA-ACETATE IN LEAD POISONING. 


Harriet L. Harpy, H. B. Erxkins, B. P. W. Ruototo, J. Quinsy, and W. H. Baker, 
J. A. M. A. 154:1171-1175 (April 3) 1954. 


TREATMENT OF DeEMATOSES WITH LocaL APPLICATION OF HYDROCORTISONE ACETATE. 

H. M. Rosrnson Jr. and R. C. V. Rosinson, J. A. M. A. 155:1213-1216 (July 31) 1954. 

An attempt is made to evaluate the effect of treatment of dermatoses with various prepara- 
tions of hydrocortisone acetate. Concentrations of less than 1.0% hydrocortisone acetate were 
found to be relatively ineffective. 

Four hundred eighteen patients with various dermatoses were treated. Good results were 
obtained with atopic dermatitis, but relapses occurred in all cases when therapy was stopped. 
Similar results were obtained with contact dermatitis and pruritis ani or vulvae. 

The addition of antibiotics to ointments helped to combat secondary infection without inter- 
fering with the effect of the primary agent. No adverse reactions or side-effects were noted. 


C. H. Woop, Boston. 
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SILICONE PastEs: THEIR PROTECTING Rote. R. Arch. mal. profess. 15:288-290, 1954. 


The use is advocated of silicone pastes against industrial dermatitis. Silicones are synthetic 
products in which the carbon chains in organic molecules are replaced by silica chains; they 
resist heat and water and are chemically inert. A silcone oil composed of dimethyl-polysiloxane 
was used in preparing a paste for application to the skin. The formula is given: 


Components % 
Nonionic emulsion (ester of polyethylene glycol) ................ 7 
3% solution of carboxymethyl] cellulose 47.5 


The paste may be applied two or three times a day. The film may be easily removed by 
acetone or a mixture of alcohol and ether. It has been tried with considerable success at a motor- 
car factory where dermatitis was caused by exposure to caustics, cutting oils, and emulsions of 
gasoline. Itching and smarting at night stopped, while the skin recovered its suppleness. The 
paste was found valuable among women employed in washing-up in the canteen. It is not 
recommended for application to a weeping eczema. It is essentially a protective cream and is in no 


New INVESTIGATIONS ON AEROSOLS: DESCRIPTION OF DIFFERENT TYPES OF APPARATUS FOR 
PropucTION OF VERY Fine AeErRosots. L. DAUTREBANDE, H. BECKMANN, and W. 
WaLKENHorst, Beitr. Silik.-Forsch. 22:35-39, 1953. 


Aerosols for inhalation or for dust suppression should both consist of uniformly small 
particles. This aim can be achieved if the aerosol is made to pass turbulent liquid layers which 
retain all larger droplets. The article, which is lavishly illustrated, describes a series of aerosol 
generators of different sizes and designs which all produce, according to electron-micrograph 
tests, size distributions of sodium chloride of the order of 0.05 or less. 

The main constructive design for achieving small particles is to pass the spray through 
tubes with spherical spaces joined by constrictions. Variation in amount is achieved by duplication 
of jets, and generators with 1 to 48 jets are described. The larger generators are fitted with 
liquid reservoirs to allow several hours’ uninterrupted action, and to counteract the effect of 
evaporation the spare liquid is less concentrated than the original liquid. 

The jets in the generators are interchangeable to allow for changes in yield and in air 
pressure, and the openings in the jets vary between 0.7 and 1.5 mm. (42 to \%@ in.). Air pres- 
sures vary from 6 kg. per square centimeter for the largest machines down to 0.2 kg. per square 


centimeter for single-jet mouthpiece inhalers. G. Nacetscumipt [Butt. Hyc.]. 


Environmental Conditions 


ToxIcoLoGicaL StupIEs OF PoLtLutants. Mary O. Amour, Air Pol. Control A. News 
2:7 (July) 1954. 


The author discusses the problem of the effects of air pollution on health—especially the 
acute effects as exemplified by such incidents as the London fog of 1952. The fact is stressed that 
the level reached by the various pollutants was not excessively high and that the greatest 
number of fatalities and illnesses occurred among older age groups and persons with pre- 
existing cardiac or respiratory pathology. The author points out that the M. A.C. values of use 
in industry were set up to protect the healthy, acclimated worker; hence, there is no reason to 
assume that they should apply to especially susceptible, unacclimated people. 

The toxicological complexity of the fog disasters makes it obvious that no dramatic “answer” 
will come from any one piece of research but rather, bit by bit, such research will help our 
general understanding. More research is needed on the physiological effects of low concentrations 


of pollutants and on the combined effects of pollutants. 


Avpitory FATIGUE IN INDUSTRIAL HEARING TESTING. J. SATALOFF, Indust. Med. 23:153-155 
(April) 1954. 


Hearing conservation programs are being established in many noisy industries, and one of the 
major aspects of such programs is the performance of hearing tests on new employees prior to 
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exposure to noise and thereafter at regular intervals after the commencement of employment. 
It is important in the latter tests that temporary hearing loss should be distinguished from 
permanent hearing loss. The report describes an experiment which was designed to give informa- 
tion regarding the most advantageous time to perform the subsequent tests. 

Thirty-two subjects were selected at random from 145 workers in a jet-engine test plant, in 
which the over-all noise level was about 108 db. Routine audiograms taken at half-yearly 
intervals over a period of five years were available for most of the subjects for comparison. 
Hearing tests were performed on these subjects on several occasions before commencing work 
for the day, i.e., after a 16-hour respite from any intense noise. In all cases the tests were 
consistent with the previous semiannual tests. Of the 64 ears tested, only 16 showed normal hear- 
ing acuity. No subject showed conductive hearing loss, either otologically or audiometrically. 

Tests were then repeated on each subject after three hours’ exposure to continuous jet- 
engine noise, the postexposure audiometry being performed between 10 and 15 minutes after 
cessation of exposure. The procedure was repeated during the afternoon shift. 

None of the subjects demonstrated any significant auditory fatigue in any frequency by 15 
minutes after cessation of exposure. It was therefore concluded that for this specific industrial 
situation temporary hearing loss could be discounted if audiograms were performed 15 
minutes after routine daily exposure. D. E. Hickisu [Butt. Hye.]. 


Status oF KNOWLEDGE oF AIR POLLUTION Topay (Sympostum oN 
Cuarces R. Wiiiams, J. Boston Soc. Civil Eng. 41:312-321 (July) 1954. 


This is the first of three papers presented as a Symposium on Air Pollution before the 
Sanitary Section of the Boston Society of Civil Engineers in March, 1954. The present status 
of knowledge on the causes and effects of air pollution is summarized with the use of numerous 
examples. The effects are classified as resulting in (1) economic loss, (2) injury to health, and 
(3) nuisance value. The question of chronic disease and air pollution is discussed. A summary 
of the deliberations and recommendations of the health panel, as given by Dr. J. C. Townsend 
at the U. S. Technical Conference on Air Pollution, is given. The paper discusses the legislative 
approach to air-pollution problems. Several conclusions, drawn from published works, are given 
for the purpose of guiding future thinking in the field of air pollution. 


J. A. Spence, Boston. 


MEASUREMENT OF ATMOSPHERIC POLLUTION (SyMpostUM ON AIR PoLLuTION). RICHARD 
Dennis, J. Boston Soc. Civil Eng. 41:322-334 (July) 1954. 


This paper describes broadly applicable methods for determining the nature and concentration 
of atmospheric contaminants. The tollowing subjects are discussed as the factors to be considered 
in preparing to survey a contaminated area: (1) sources of air pollution; (2) effects of meteoro- 
logical conditions ; (3) composition of atmospheric pollutants; (4) physical nature of pollutants, 
and (5) chemical nature of pollutants. Two approaches are given for establishing the amount of 


pollution. The first involves identifying the source and determining the type and quantity of 


contaminant dispersed. Stack sampling is discussed as a representative case. The second approach 


is Sz ing, < ~xamples is given. 
is that of area sampling, and examples of this are given J. A. Spence, Boston. 


MopeERN METHODS FOR THE ConTROL OF Atk PoLLuTION (SymMpostuM ON AIR PoLLuTIoN). 
LesLiE SILVERMAN, J. Boston Soc. Civil Eng. 42:335-353 (July) 1954. 


The basic methods and equipment used for the control of air pollution from effluent, air- 
borne contaminants are discussed at length with examples. The control of gas and vapor 
contaminants is obtained by means of the following: (1) dispersion by tall stacks; (2) absorp- 
tion or chemical scrubbing; (3) adsorption, and (4) combustion (catalytic or total). The control 
of particulate contaminants requires some knowledge of the five “ess” factors of the particles (size, 
shape, size distribution, specific gravity, and surface characteristics). These factors influence the 
choice of the following control equipment, which is discussed in detail: (1) inertial separators 
or cyclones; (2) scrubbers (impaction, centrifugal, settling, absorption); (3) filters, and (4) 
electrostatic precipitators. J. A. SpENcE, Boston. 
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REPORT ON THE LONDON Foc or DECEMBER, 1952. PHILtp DRINKER, Transactions Bulletin 
27, Industrial Hygiene Foundation of America, Nov. 18, 1953, pp. 111-116. 


{~ This is a study of the conditions leading up to the London fog and the conditions existing 
during the fog. Data include sulfur dioxide concentrations, temperatures, and death rates. 


W. R. Sampe_es, Boston. 


Determination of Air-Borne Contaminants 


TYNDALLOMETRIC EsTIMATION OF PoLypISPERSE AEROSOL DEPOSITION IN MAN. JOHN A. 
HitcKen, Report UR-300, University of Rochester Atomic Energy Project, Feb. 12, 1954. 


The general problem posed by the ever-increasing aerosol inhalation hazard is presented. 
Deposition and retention are defined and previous investigations reviewed. Such optical properties 
of aerosols as are pertinent to Tyndallometry are briefly considered, and Tyndallometers are 
discussed from the point of view of past use, advantages, and limitation. Following a description 
of apparatus and procedures, results of Tyndallometric investigations are given, including a 


detailed analysis of the continuous aerosal deposition curve. Nuc.ear Sc. ABST. 


Properties OF Dust SAMPLE Wuicu SHoutp Be D. G. BEADLE, J. Chem. 
Metal. & Min. Soc. South Africa 55:25-29 (Aug.) 1954. 


This paper summarizes some of the evidence which leads to the logical deduction that a 
measurement of the surface area of the particles reaching the lungs provides a better assessment 
of the danger to health of silica particles than does measurement of the mass or number concen- 
tration. 

It is further indicated that the surface area of the particles between 0.5 and 2 # diameter 


should be overestimated, and the surface area of the particles below 0.5 « diameter should be 
underestimated From THE AuTHOR’S SUMMARY. 


PuHoto-E.Lectric APPARATUS FOR AssEssING Dust SAamptes. D. G. BEADLE, J. Chem. Metal. 
& Min. Soc. South Africa 55:30-39 (Aug.) 1954. 


The theory, construction, operation, performance, and calibration of a photoelectric apparatus 
for assessing dust samples are described. 

The apparatus is shown to possess certain advantages over the usual microscope method of 
counting dust sample, namely, speed of operation, consistency of measurement, elimination of the 
human factor, and measurement of the surface area of the particles, with different sizes weighed 
in approximate proportion to their fibrogenic properties. 

Designed specifically for assessing samples taken with the modified thermal precipitator, which 
collects dust particles of various sizes in proportion to their lung retention, it is believed that the 
use of these two instruments in association gives a measurement of silica dust in closer agreement 
with the fibrogenic danger than measurements made by any other routine instruments. 


From THE AuTHOR’S SUMMARY. 


Dust Propuction In Wet Dritiinc. H. Gessner and H. BuHLER, Staub Diisseldorf 
33: 267-288, 1953. 


Three general types of percussive drill have been investigated: (1) type in which air cannot 
be blown into the drill hole mixed with water; (2) type in which air may in certain circum- 
stances be blown in, and (3) type in which water mixed with air is regularly blown in. Tests 
were carried out by drilling into a block of granite. Dust samples were taken at 1 and 2 meters 
from the drill at the height of a miner’s head by an oscillating filter method; the dust concentra- 
tion and the particle-size distribution were determined. Five types of machine were tested. 

Details of experimental results are given; from these the following conclusions are drawn. 
The dust concentrations produced by the various wet-drilling machines are similar (the fractions 
by weight under 5 « and under 2 # also show only small variations). If a certain minimum water 
flow (different for different machines) is not employed, the dust concentration rises significantly ; 
the present practice of dry drilling the first half inch or so of a hole also leads to significantly 
greater dust production and should be discontinued. From the point of view of the silicosis 
hazard, the use of wet drills in granite, with poor or nonexistent ventilation, produces conditions 
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said to be intermediate between “harmless” and “possibly harmful” (dust concentrations of the 
order of 10 gm./m.* below 10 #). These figures refer to the operation of single drills, however ; 
the use of more than one in a working area naturally causes a higher total dust concentration, and 
this is still true where ventilation is adequate. R. L. Gorpon [Butt. Hye.]. 


DETERMINATION OF FINENESS OF POWDERED MATERIALS BY MEANS OF THE PIPETTE 
Anatysis. A. H. M. ANDREASEN, Staub Diisseldorf 35:11-17 (March 15) 1954. 


This is a short review of the scope and technique of pipette analysis in very general terms. 
The author rightly stresses the importance of complete deflocculation and gives some methods 
for checking this. The addition of 0.5% sodium linoleate is recommended for coal and soot 
analyses in water; isobutyl alcohol is recommended for dispersing sugar, and cyclohexanol for 


metals and water-soluble salts. G. Nacerscumipt [Butt. Hye.]. 


DETERMINATION OF THE S1zE DistRIBUTION OF Dusts BY SEDIMENTATION (PIPETTE) 
ANALYSIS ACCORDING TO ANDREASEN. E. Joos, Staub Ditisseldorf 35:18-34 (March 15) 
1954. 


This paper gives a full description of the technique of pipette analysis and discusses errors 
which may arise with mixtures of different density. A new improved model of sedimentation 
flask (called Andreasen-Esenwein) is illustrated. (Most of the material discussed, such as the 
derivation of Stokes’s law and a description of how to measure true densities with a vacuum 
pycnometer and how to carry out pipette analysis, is trivial.) 

A method of checking deflocculation by microscopic observation of single particles is described 
and recommended. For analysis of coal dust and of fly ash, a mixture is recommended of 50% 
butylene glycol and 50% solution of 0.0363% sodium citrate in distilled water. The viscosity of 
this mixture is not given, but the use of a Hopler viscometer is recommended for checking 
viscosities. 

The author seems chiefly concerned with mixtures of rock and coal material, and the 
equivalent diameters found with such mixtures will not correctly describe the true size distribu- 
tions. These are calculated for a number of mixtures of coal and quartz, first of equal size and 
later, if the materials occur in classes, of different size. The results are shown on cumulative 
size-distribution curves and are compared with what would be the observed curves for the 
mixtures. 

The errors in the last case are considerable, but the author rightly says that in practice errors 
due to different densities are not likely to be very large, mainly on account of intergrowth of 


tock and coal particles. G. Nacetscumipt [Butt. Hye.]. 


New METHOD FOR THE REMOVAL oF Dust SAMPLES FROM Paper Fitters. E. Joos, Staub 
Diisseldorf 35:35-38 (March 15) 1954. 


In dust-sampling studies it is often desirable to remove the dust collected as completely as 
possible from a piece of filter paper. The present note describes a little piece of apparatus 
designed to effect this removal. It consists in essence of a superstructure which can be fitted to a 
suction flask. This structure consists of a metal cylinder, open on top, which can be screwed to a 
conical receiving filter. A wire cage is placed inside the cylinder, the piece of paper is folded 
over the wire cage, dusty side downward, and then the cylinder is filled with the washing liquid. 
This liquid is next sucked through the apparatus and, in passing through the dust filter from 
the clean side toward the dirty one, it removes the dust completely. Size-distribution curves show 
the dust retained after dry tapping but removed by this washing technique to be considerably 
finer than the bulk of the dust. A similar dry method based on sudden vacuum release is less 
effective. 


G. NaGetscumipt [Butt. Hyc.]. 
Ventilating, Air Conditioning and Engineering Control 


EcoNOMIC AND ENGINEERING CONSIDERATIONS IN THE DESIGN OF STACKS FOR Goop Gas 
Dispersion. H. L. von HOHENLEITEN and R. H. Kent, Air Repair 3:195, 1954. 
Self-supporting steel stacks and their foundations can be constructed economically up to 

about 275 ft. Above that height reinforced concrete stacks become more economical, while the 

cost of brick stacks is excessive for any height. Some recent power-plant designs have provided 
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} for stack outlet velocities in excess of 6,000 fpm. An outlet velocity of 3,600 fpm prevents flue 
; gases from being caught in the stack vortices with wind velocities up to approximately 35 mph, 
while velocities of 5,400 fpm give protection for winds reasonably in excess of 35 mph. Installa- 
tions of efficient dust-collection devices are required to maintain a maximum suspended dust 
concentration at ground level of less than 0.085 grains per 1,000 cu. ft. when utilizing stack 
heights of about 300 ft. In any case, since the full benefit of stack outlet velocity on dust dispersion 
can be obtained only when the unit is working at full load, whereas additional height of stack 
can be useful at any load, it is concluded that it is more economical to invest in additional stack 
height rather than in additional outlet velocity. Tables are included to illustrate the effect of 
increasing the number of generators on the minimum required height of stack. 


M. W. First, Boston. ) 


DEVELOPMENT OF PERMISSIBLE REQUIREMENTS FOR SAFE UNDERGROUND DieEseEL HAULAGE. 
M. D. Extiorr and R. S. James, Information Circular 7673, U. S. Department of the ) 
Interior, Bureau of Mines, Dec., 1953. 


The history of the use of diesel mine locomotives is reviewed, and the safety considerations 
in their use are discussed, with references to earlier publications of the Bureau of Mines. The 
more important of the safety requirements are the following: (1) proper ventilation to maintain 
a healthful working environment; (2) protection of intake and exhaust openings by flame 
arresters where explosive gases or dusts may be encountered; (3) maintenance of all surfaces 
below 400 F. and other adequate precautions against fire hazards, and (4) adequate regular 
maintenance. The test procedures used by the Bureau insure that approved equipment meets the 


stringent requirements. Inpust. Hyc. DIcEsT 


CALCULATION OF Friction Losses In MiNE Arrways. J. T. M. Taytor, J. Chem. Metal. 
& Min. Soc. South Africa 55:1-11 (July) 1954. 


A new method of calculating friction losses from pressure surveys in deep mines is developed. 
The strict mathematical treatment yields a complex series, which it is tedious to apply. Therefore, 
a simpler formula is developed, and it is shown in three examples that the results using the two 
methods are almost identical. The latter method is claimed to be more accurate and easier to apply 
than the method using the International Meteorological Formula. 

The errors in the calculated friction loss which would be caused by small errors in readings 
of pressure, temperature, and elevation are analyzed. It is concluded that the errors due to 
inaccurate dry-bulb temperatures may be of the same order as those due to inaccurate pressures. 


FrRoM THE AUTHOR’S SUMMARY. 


Radioactive Substances and X-Ray 


ELECTRODEPOSITION METHOD FOR THE DETERMINATION OF URANIUM ALPHA ACTIVITY IN 


Urine. T. C. Wuitson and T. Kwasnosk1, Report K-1101, Carbide & Carbon Chemicals 
Co., June 16, 1954. 


A routine method is presented for electroplating microgram quantities of uranium from 
human urine for the determination of alpha activity. The method employs a nitric acid digestion, 
followed by direct ignition of the residue. Calcium is removed by double precipitation as the j 
oxalate, and the uranium is electroplated from the supernatant liquid onto a nickel disk. The 
alpha activity is measured by standard counting methods. The precision of a single determination 
at the 95% confidence level is + 16%, and 85% of the uranium in the urine is recovered. » 


NUCLEAR Sc. Asst. 


RADIOACTIVE CONTAMINATION DeETEcTOR. M. BriéRE and J. WEILL, J. phys. radium 14:623- 
624 (Nov.) 1953. 


An apparatus is described which permits workers handling radioactive products to check 
rapidly all contamination traces on their hands, footwear, and clothing. The principle employed 
permits the achievement of an economic apparatus of reliable operation and great convenience. 


Nuclear Sc. Asst. 
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DETERMINATION OF SYSTEMICALLY DEPOSITED PLUTONIUM IN LABORATORY PERSONNEL AND 
A SIMPLE QUALITATIVE TEsT FOR Exposure To ArR-BoRNE RADIOACTIVE MATERIAL. 
Louis H. HEMPELMANN and Wricut H. Lancuam, Report AECU-2633, Los Alamos 
Scientific Laboratory and University of Rochester School of Medicine and Dentistry, 1953. 


Twenty-seven cases of positive exposure to Pu occurring at the Los Alamos Scientific 
Laboratory have been reported. The body Pu burden determined from urine assays ranged 
from 0.1 to 1.2 7. Urinary Pu excretion curves are given for 9 of the 27 cases. Alpha counts of 
nose swabs taken during the employment period indicated that all 27 persons had been subjected 
to some respiratory exposure. Not all persons showing positive nose swab counts gave positive 
urine assays for systemic Pu burdens. All the nine cases that were studied in detail showed a 
rough correlation among urine assays, positive nose swab counts, and the relative amounts of 
Pu processed during each month of exposure. The nose swab count is proposed as a simple test to 
supplement urine assays and to detect potential respiratory exposure to air-borne radioactive 


material and the practice of faulty laboratory procedure. Nucuean Sc. Asst 


EXPERIMENTAL ADMINISTRATION OF ETHYLENEDIAMINETETRAACETIC ACID IN PLUTONIUM 
Potsontnc. Harry Foreman, A. Fugua, and D. Norwoop, Report 
AECU-2923, Los Alamos Scientific Laboratory, 1954. 


The metabolic fate and behavior of ingested Pu in experimental animals and the therapeutic 


effects of edathamil calcium-disodium in Pu poisoning are discussed. yyip pap Sc. ARsT. 


Rapon Levets Founp in MINEs in New York State. SAut J. Harris, Month. Rev. New 
York State Dept. of Labor 33:37-40 (Oct.) 1954. 


The value presently being used for maximum permissible concentration of radon and radon 
daughter products of 10-!! curies per liter may be exceeded in underground work areas as a 
result of the presence of natural radioactive parent materials. The concentrations may be of such 
nature as to present a significant hazard to those exposed. This would appear to be true in any 
underground work area in any section of the country, regardless of the absence of mineable 
uranium. 

The data indicate that the determination of radon concentrations can be suitably made by 
sampling for the short-lived daughter products. It appears that these decay products attach to 
dust nuclei in the air, that their relative concentration is affected by the ventilation present, and 
that their total activity may be related to inert dust leading (including particle-size distribution) 
in the air. In this study all dust samples analyzed for radon decay products agreed reasonably 
well with the direct gas samples, and any error appeared to be on the safe side. The dust sampling 
technique should be further developed as a replacement for the rather expensive flask system 


for measuring radon concentrations. 
From THE AUTHOR’S SUMMARY. 


RADIOBIOLOGICAL PROBLEMS: TOXICOLOGY OF URANIUM. 


F. PassaLtacgua, Med. lavoro 
45:405-410 (June-July) 1954. 


The problem of the toxicology of uranium is one of the most difficult both from the patho- 
anatomy point of view and from the relation between metal on the one hand and enzymes and 
proteins on the other. 

The most interesting patho-anatomical findings are the series of lesions affecting the renal 
tubules. As to the metal-protein combination, an attempt is made to explain the phenomenon of 


the formation of the complexe From THE ENGLISH SUMMARY. 


DETERMINATION OF THE RADIATION HAZARDS FROM A 1.5 Mev HiGH VOLTAGE ACCELERATOR. 
KATARINA AHNLUND, Ark. fys. 7:149-153, 1954. 


Intensities of the electromagnetic radiation and neutrons in the neighborhood of a 1.5 mev 
high-voltage accelerator have been measured, and results are presented. 


Nuccear Sc. Asst. 
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Air Pollution and Community Health. By Clarence A. Mills, M.D., Ph.D. Price, $2.75. 
Pp. 180. Christopher Publishing House, 1140 Columbus Ave., Boston 20, 1954. 


Dr. Mills is a crusader against air pollution, particularly as a community health hazard. There 
is a certain amount of truth in what he says, and his enthusiasm is evidently quite sincere. 

Less admirable is some of the reasoning into which his zeal leads him. Examples of his 
“findings,” familiar to readers of his earlier publications, are repeated in this book, particularly 
on the relationship of diseases of the respiratory system, including tuberculosis and cancer, to 
urban air pollution. However, the discussion on his Donora studies is new. 

Dr. Mills criticizes the Public Health Service for not indicting any specific pollutant in their 
report of the Donora investigation. He postulates that during the period Oct. 27-30, 1948, a 
hypothetical lid was clamped upon the valley at Donora and calculates the probable concentration 
of various atmospheric pollutants from the findings of the Public Health Service’s investigation 
o1 April, 1949. He arrives at the following results: 


Probable 
Concentration 

April Test in October 

Week, MAC, Smog, 
Mg./M.3 Mg./M.3 Mg./M.3 


Dr. Mills believes that, if the pollutants had been trapped in the valley for four days during 
the test period, concentrations would have reached levels 3 to 7 times higher than the MAC levels. 
Also, that concentrations reached during the “super-capacity operations” of October, 1948, would 
have approached 5 to 16 times the MAC limits. 

Taking one of Dr. Mills’s examples, sulfur dioxide, his tabulation indicates that the concen- 
tration would have been over 7 times the MAC, or more than 70 ppm, during the test period and 
presumably 15 times, or 150 ppm, in October, 1948. 

Authorities differ as to the exact level at which sulfur dioxide becomes intolerable to persons 
not accustomed to it by reason of occupational exposure, but there is evidence that it is impossible 
to remain in an atmosphere containing 200° ppm and that concentrations of 50 to 100 ppm cannot 
be tolerated for longer than 60 minutes. The highest concentration ever encountered by this 
reviewer was an intermittent 40 ppm, and the experience is still vivid. Undeniably, 20 persons 
died and many were made ill at Donora, but this book does not provide a satisfactory explanation. 
For long before Dr. Mills’s hypothetical concentration had been reached, every person would 
have been driven from the valley. The whole viewpoint of the book is anything but objective. 

There are some minor errors of fact. For instance, Harry Meller (first managing director 
of the Industrial Hygiene Foundation and earlier in charge of Pittsburgh smoke abatement 
activities) did not die melodramatically, as Dr. Mills claims, “(in 1939) of one of the smoke- 


affected respiratory diseases” but in 1942 of Hodgkin’s disease. Ceanesicx S Matturts 


Symposium on Human Factors in Equipment Design. Edited by W. F. Floyd and A. T. 
Welford. Price, $4.00. Pp. 132, with 28 charts, graphs, and tables and 17 photographs and 
drawings. H. K. Lewis & Company, Ltd., 136 Gower St., London, WC 1. Distributed in 
U. S. A. by John de Graff, Inc., 64 W. 23d St., New York 10, 1954. 


This volume embodies the results of a symposium held by the Ergonomics Research Society 
of Great Britain in 1951. The aim of the Society is to bring together all those concerned with 
the relationships between man and his working environment. More specifically, it is concerned 
with human engineering, i. e., the application of the knowledge of human capabilities and limita- 
tions (physical and psychological) to the more efficient design of all aspects of equipment and 
working areas. The importance of such an approach and the current necessity for it are best 
indicated by an excerpt from the opening address to the Society. 
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BOOKS 


“The machines of the engineer are becoming more and more complicated, with a correspond- 
ing tendency to become more difficult to control. We can no longer afford to leave the human 
operator to get along as best he can. We could not afford to do so during the war, when an air- 
craft might have crashed with loss of life, not because of mechanical failure, but because of the 
failure of the human factor in controlling it. And we cannot afford the waste, different in 
character, but no less real in its effect, in peace.” 

The contributors to this volume come from a variety of disciplines, including anatomy, 
anthropometry, physiology, experimental psychology, and industrial medicine. The material 
presented ranges from recommendations for the design of chairs and tables (Akerblom) and a 
discussion of human responses to design variations in visual displays (Vernon) to a discussion 
of the physiological effects of climate (Edholm) and the circulatory disadvantages of a standing 
working position (Christensen). 

Representing as it does the work of individual researchers writing on their specialties, the 
volume as a whole exhibits a certain lack of integration. However, in view of the scope of the 
material and the newness of the field as a separate discipline, this may be somewhat understand- 
able. When considered as a statement of some of the basic problems existing in the field, and as a 
survey of some of the data and methods currently applicable to problems of equipment design, it 
is a most worthwhile accomplishment. It can serve as a general introduction to the various 
phases of human engineering for those relatively unacquainted with the approach as a whole or 
for those specialists within the field unacquainted with other more distant aspects of the work. 


Ross A. McFArRLanp, Boston. 


Flow and Fan: Principles of Moving Air Through Ducts. By C. Harold Berry. Price, 

$4.00. Pp. 232, with 84 illustrations. Industrial Press, 148 Lafayette St., New York 13, 1954. 

The reviewer has had an opportunity to see this book over a period of years while it was 
being created by the author. Sections of it were the development of notes used in a course in 
flow factors and fan performance as background for industrial ventilation. Those industrial 
hygiene engineers interested in basic concepts of gas flow measurement and the dynamics of 
industrial exhaust systems will find this a useful addition to their library. The information is 
presented in a direct and understandable manner without involving higher mathematics. Most 
of the discussion on fans is descriptive performance, although another section is devoted to factors 
involving the combination of fan and exhaust system. About one-half of the book is devoted to 
fan characteristics and the other half to industrial exhaust system dynamics. No consideration is 
given to the reasons for industrial exhaust and, in a sense, that is one of the limiting features 
of the book, since it is only concerned with the two items given in the title. Industrial ventilation 
and industrial hygiene engineers will find this book useful, even though it does not present 
any new concepts. Asa reference text for a course in industrial ventilation, it forms an excellent 


additio 1e background reference library. : 
addition to the background reference Ary 


Air Pollution: A Bibliography. By S. J. Davenport and G. G. Morgis. Price, $1.75. 
Pp. 448. Government Printing Office, Washington 25, D. C., 1954. 


“At the general meeting of the United States Technical Conference on Air Pollution in 
Washington, D. C., May 3-5, 1950, a resolution was presented recommending that the ‘organiza- 
tion be undertaken of existing and current literature on all phases of atmospheric pollution so 
that everyone may be aware of the work of those in other phases. Publication might be in toto 
or in abstract form.’ The following bibliography has been prepared by members of the Health 
Branch of the Bureau of Mines at the request of the chairman of the conference mentioned.” 

This bibliography is annotated with quotations or abstracts; it contains 3,902 references 
and 425 pages of printed matter. Subjects are grouped in the Table of Contents under headings 
and subheadings which serve in place of a subject index. The author index covers 21 pages. 

This was a tremendous task, and the publication is timely. The technical user might want 
better indexing but will be thankful for what he finds. Due to her retirement, the skillful hand 
of Sarah Davenport will be missed in future Bureau of Mines reviews and compilations. Her 
name has become a byword for patience, thoroughness, and intelligent presentation. 


DRINKER. 


271 


- 
= : 
= 


INDUSTRIAL HEALTH 


Histopathology of the Skin. Second edition. By Walter F. Lever, M.D., Price, $12.00. 


Pp. 518, with 281 illustrations (8 in color). J. B. Lippincott Company, 227 So. Sixth St. 
Philadelphia 5, 1954. 


Numerous noteworthy revisions, as well as added sections and illustrations, are to be found 
in this second edition of Lever’s treatise, originally published in 1949. As now constituted, there 
is presented an entirely modern and authoritative compendium of information regarding dis- 
eases of the skin in which histologic examination is indicated as being of diagnostic aid. The 
book excels in its clarity of description, abetted by new and carefully chosen microphotographs. 

Brought up to date are the sections on purpura and verrucae, melanomas, and vesicular and 
bullous diseases. Among the new sections are those on lupus erythematosus, the progerias, and 
the latest details as to the use of the Hotchkiss-McManus stain (PAS stain) to demonstrate fungi 
in the tissues. 

Students of industrial medicine will be especially interested in such sections as those on 
silicon granuloma, beryllium granuloma, and swimming-pool granuloma, as well as the paragraph 
on arsenical keratosis and carcinoma. Contact dermatitis, however, is dismissed with only seven 
lines, and it does seem as though the industrialist would be more interested in having further 
details on this subject. 

This book can be heartily recommended to those interested in the histopathology of the skin 


and its appendages. 
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DOCTOR, 


TO AID YOUR FIGHT AGAINST THE 
IGNORANCE AND FEAR OF CANCER, 
THE AMERICAN MEDICAL ASSOCIATION 
HAS PUBLISHED FOUR PAMPHLETS 
WRITTEN FOR THE LAYMAN .... 


ideal for 
waiting room 
or interested patients 


YOUR DEFENSES AGAINST CANCER 

by Claire Holland Vas Dias 

12 pages, 15 cents 
Stresses the importance of regular check-ups, immediate 
care of cancer, and describes symptoms to look for. 
CANCER OF THE LIP 

by Annette Rich 

8 pages, 15 cents 
Explains the process of removing lip cancer and the 
high ratio of complete cures . .. also includes age 
groups and causes. 
THE CURED CANCER CLUB 

by Burton H. Wolfe 

4 pages, 10 cents 
Describes a club of 55 members in Washington, D. C., 
organized to help other cancer victims. 
WHEN CANCER IS NOT GUILTY 

by Russell S. Ferguson 

12 pages, 15 cents 
Six case histories of cancer on trial, with quackery and 
fear the real killer. 


write to: 


A.M.A. BUREAU OF HEALTH EDUCATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


instant 
first aid for 


| snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with Wa, 


When a poisonous snake strikes, suction must be applied ém- 
mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
increased as desired. Easily and quickly administered, by the 
victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 


iodine swabs, adhesive bandages, Saunders’ venom- omy 
suction pump with two adapters. Write for data. a 


* Patented 


Woo pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 
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| 
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ALCOHOLICS ANONYMOUS 
Written from the standpoint of a member, the basic 
All of the ‘treatment procedures are described and the psychological 
following esticies have problems confronting the alcoholic are discussed. 


4 pages, 10 cents 
appeared in TODAY'S HEALTH 
and are now available 


‘ ALCOHOL AND CIRRHOSIS OF THE LIVER 
in pamphlet form. 


Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 

by Russell S. Boles 

4 pages, 10 cents 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 

by Edward A. Strecker and Francis T. Chambers, Jr. 

4 pages, 10 cents 


ALCOHOLISM THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 

an by Lewis Inman Sharp 
4 pages, 10 cents 


CONDITIONED REFLEX TREATMENT 
important OF CHRONIC ALCOHOLISM 

Its place among methods of treatment today, 

its development and correlation with personality factors. 


problem by Walter L. Voegtlin 


4 pages, 10 cents 


in today’s living INSTITUTIONAL FACILITIES FOR THE 


TREATMENT OF ALCOHOLISM 

Comparative differences, in drinking, with 

the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 

4 pages, 10 cents 


THE ABOVE SIX PAMPHLETS ARE ALSO AVAILABLE IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW TO MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
8 pages, 10 cents 


ADDRESS REQUESTS TO: 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 

535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 


’ 


Soap 
INTERNAL MEDICINE 


MARCHES ON 


EVERY TYPE OF 


SKIN CLEANSER Soap 
A.M.A. Archives of 


INTERNAL MEDICINE lig h if oot 


reports progress in 
research and observation. ~ manufactures all three from raw 
| material to finished product! 
A monthly publication con- | 


taining original studies, case ff a 

<2 
reports, book reviews, eva a 25 A Specialized Soap to Meet Every 
and comment. . . compiled En b= Type of Plant Requirement! 


for the general practitioner tus 
as well as the specialist . . . Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 


YEARLY $10.00 CANADIAN $10.50 — FOREIGN $11.50 cleansing problems, our more than 40 years of 

experience in serving industry is at your service. 

AMERICAN MEDICAL ASSOCIATION = —_— will receive prompt and intelligent 
attention! 


535 NORTH DEARBORN STREET 


LIGHTFOOT SCHULTZ COMPANY 


380 MADISON AVENUE NEW YORK 17, N. Y. 


MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: (| WITHOUT LOSS OF WORK 
MEDICAL SUPERVI- TIME 
WITH SIMPLICITY AND 
AT LOW COST TO PATIENT SAFETY OF OPERATION 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 
1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


RESULTS COUNT!...11 Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


Ointment and powder of ZINCUNDECATE 
— Solution of UNDECYLENIC ACID 


Wel Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


PD-32 


Powdered 
a 
a- 
q 
} 
| 


for the 


epileptic... 


greater 


independence 


reater 


re understanding society, greater independence is assured. 


DILANTIN’ SODIUM (diphenylhydantoin sodium, Parke-Davis) 


an established anticonvulsant of choice 
combination, for control of gr 
the handicap of somnolence. 


DILANTIN Sodium is supplied in a variety of forms -- including Kapseals® 
of 0.03 Gm. (% gr.) and 0.1 Gm. (1% gr.) in bottles of 100 and 1,000. 


& 
Modern diagnostic methods and effective anticonvulsants now help the 
patient with epilepsy enjoy gum” freedom from seizures. And with 
, alone or in 
id psychomotor seizures: -- ; 


